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OBJECTIVES 

The  objectives  of  the  Engineering  Services  and  the  purposes  of  this 
reporc  are  to  provide  an  inventory  of  existing  publicly  oimed  utility  sys- 
tems and  to  coiL2.ent  on  the  existing  systeias  in  the  Back  Bay  GriKP  Area.  The 
utilities  covered  are  the  main  ccrroonents  of  the  sever  and  storm  drain  sys- 
tems, the  v.-ater  system,  the  police  and  fire  ccinaunication  systems'  and  the 
MIA   facilities. 

This  Interim  Report  does  not  include  the  Proposed  Planning  and  Future 
Land  Use  of  the  Authority  or  any  analysis  of  the  systems  AJlth  regard  to 
this  Planning. 
HWE^WORY 

The  inventory  phase  of  this  report  has  involved  the  gathering  and 
assembly  of  a"!"'  reasonably  available  data  concerning  these  systems  and 
the  notation  of  this  data  on  plans  of  the  area.  This  report  covers  ap- 
proximately 20  miles  of  sewers  and  storm  drains  and  approximately  5  iniles 
of  vater  lines.  In  most  cases  the  size,  shape,  material,  year  of  installa- 
tion, ownership,  slope  of  conduit  and  capacity  of  conduit  flomng  full  have 
been  sho\m  for  the  sewer  and  storm  drain  systems.  Similar  applicable 
information  has  been  indicated  for  the  irater  lines,  the  police  and  fire 
communication  lines  and  the  I^ITA  facilities. 
ANALYSIS 

Commentary  on  the  existing  system  is  based  on  a  limited  analysis  con- 
ducted in  order  to  point  out  and  evaluate  any  deficiencies  that  presently 
exist  in  the  sewerage  and  water  distribution  systems. 
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SUMMARY  OF  CONCLUSIONS  AND  RECCMffiNDATIOKS 

The  Conclusions  and  Recommendations  resulting  from  the  studies  £is 
outlined  on  the  previous  page  for  the  Back  Bay  GNBP  Area  are  summarized 
as  follows: 
Se-wer  and  Storm  Drain  System 

Conclusions;  a.  Approximately  30  to  kO  percent  of  the  Back  Bay  GNRP 
Area  Is  served  by  a  separate  sanitary  severage  system. 

b.  Combined  severs  serve  the  remainder  of  the  Area  and  discharge  low 
flows  to  the  West  Side  Interceptor  and  overflows  to  the  Boston  Marginal 
Conduit, 

c.  Recent  surcharging  In  the  West  Side  Interceptor  Is  attributed  to 
Infiltration  through  the  conduit,  entrance  of  tidewater  through  faulty  tide 
gates  In  other  parts  of  the  system,  and  the  Inability  of  the  Calf  Pasture 
Pumping  Facilities  to  handle  the  discharge.  Completion  of  the  Metropolitan 
District  Commission  Plan  will  eliminate  the  need  for  the  Calf  Pasture 
Pumping  Facilities. 

d.  The  Metropolitan  District  Commission  Sewerage  Plan  will  provide 
relief  of  the  West  Side  Interceptor  by  diversion  of  flow  to  the  Boston  Main 
Drainage  Relief  Sewer. 

e.  The  main  combined  sewers  are  generally  adequate  for  storm  frequencies 
of  from  10  to  25  years. 

f .  Flow  measurements  at  selected  points  throughout  the  systems  are 
necessary  to  serve  as  a  sound  basis  for  hydraulic  analysis  of  flows  to 
evaluate  the  adequacy  of  individual  conduits. 
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g.  Details  of  overflow  structures  and  sewer  condviits  are  not  available 
in  several  locations  where  this  data  is  necessary  for  analysis  of  the  systems. 

h.  Overflow  from  the  local  combined  systems  to  the  Boston  Marginal 
Conduit  may  be  frequent  as   a  result  of  the  surcharged  condition  of  the 
West  Side  Interceptor, 

i.  Previous  studies  indicate  that  the  Boston  Marginal  Conduit  overflows 
to  the  Charles  River  Basin  approximately  one  day  in  every  ten  days,  or 
approximately  one  quarter  of  all  days  of  rain.  i 

J.  The  overflows  from  the  Boston  Marginal  Conduit  are  definite  sources 
of  pollution  to  the  Charles  River  Basin.  i 

k.  The  operation  of  the  MDC  Sewerage  System  will  significantly  reduce 
the  frequency  of  overflow  to  the  Marginal  Conduit,  thereby  reducing  pollu- 
tion in  both  the  Charles  River  Basin  euid  the  tidal  estuary. 

1.  Construction  of  the  proposed  Boston  Marginal  Conduit  Pumping  ' 

Station  by  the  MDC  will  significantly  reduce  the  frequency  of  overflow  and  resultant  i 
pollution  to  the  Cheirles  River  Basin,  as  well  as  surcharging  in  the  local 
combined  systems. 

m.  The  Charles  River  Basin  Elevation  Control  Project  will  prevent  a 
re-occurrence  of  flooding  of  the  low  areas  as  resulted  from  storms  in  195^1- 
and  1955. 

n.  None  of  the  regulator  chambers  in  the  Back  Bay  GNRP  Area  contain 
regulators. 
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o.  The  physical  condition  of  the  condixits,  most  of  \^ich  are  about 
50  to  90  years  old,  is  essentially  unknown. 

p.  Provision  of  separate  systems  throughout  the  Back  Bay  Area  vould 
result  in  the  near  elimination  of  overflows  of  sewage  to  receiving  waters, 
and  increase  the  effective  capacity  of  the  West  Side  Interceptor.  The  cost 
of  providing  this  separation  exclusive  of  costs  or  reconstruction  or  repair 
of  existing  conduits  due  to  poor  condition  or  inadequacy  will  range  from 
2.5  to  3.0  million  dollars. 

Recommendations ;  a.  Undertake  a  program  of  sewage  flow  gaugings  and 
storm  flow  observations  at  selected  points  in  the  systems  to  provide  a 
determination  of  typical  dry  weather  flows  and  storm  flow  conditions  for 
present  land  use. 

h.  Undertake  a  field  inspection  survey  of  the  physical  condition  of 
selected  sewer  and  storm  drain  conduits.  Special  emphasis  should  be  placed 
on  major  conduits,  and  the  systems  in  those  areas  planned  for  redevelopment, 
extensive  rehabilitation,  or  where  either  will  cause  an  extensive  change  in 
land  use  patterns.  Condition  data  from  surveys  in  other  GNEP  Areas  should 
be  evaluated  as  an  aid  in  this  program. 

c.  Provide  for  a  field  determination  of  unrecorded  details  of  selected 
conduits  and  structures,  as  necessary,  for  analysis  of  the  systems. 

d.  Provide  for  inspection  of  regulator  chambers  to  consider  the  need 
for  replacement  of  regulators  or  repedr  or  reconstruction  of  the  chambers 
as  required,  consonant  with  the  final  pleui  for  modification  of  the  systems. 


e.  Provide  separate  systems  for  sanitary  sevage  and  storm  flow  to 
the  maximum  extent  practicable,  depending  upon:  future  land  use  planning, 
the  extent  of  reconstruction  of  streets,  condition  of  existing  severs, 
the  extent  of  other  utility  work  required  in  the  area,  and  the  extent  to 
which  separation  of  existing  building  drainage  is  effected  \inder  the 
rehabilitation  program. 

f .  Initiate  an  overall  study  of  the  Boston  Main  Drainage  System  to 
determine  the  combined  effect  that  the  operation  of  the  MDC  System  and 
the  Urban  Renewal  Program  will  have  upon  flows. 

Water  Systems 

Conclusions:  a.  The  Metropolitan  District  Commission  supply  mains  are 
considered  to  be  fully  adequate  in  capacity  to  satisfy  present  demands. 

b.  The  existing  system  in  the  Back  Bay  Area  appears  to  be  generally 
sound  structurally,  and  adequate  in  capacity  for  present  demands;  however, 
some  apparent  deficiencies  in  the  varioxis  components  of  the  system  are 
listed  hereafter: 

1.  Considerable  tuberculation  exists  in  the  smaller  distribu- 
tion mains  and  to  a  lesser  extent  in  the  larger  sized 
distribution  and  supply  mains. 

2.  There  is  a  high. incidence  of  main  failures,  in  Boylston 
Street  and  Huntington  Avenue. 

3.  The  condition  of  the  1+0  inch  low  service  main  in  Beacon 
Street  is  questionable  due  to  its  age. 


k.     The  16  inch  low  service  main  In  Exeter  Street,  the  2k   inch 
low  service  main  in  Massachusetts  Avenue,  and  the  20  inch 
high  service  main  in  Huntington  Avenue,  may  De  approaching 
their  capacity  limits. 

5.  Maintenance  of  high  service  press\ire  6ind  supply  to  City 
Proper  is  highly  dependent  upon  the  k2   inch  high  service 
main  in  Huntington  Avenue  and  Newbury  Street. 

c.  Main  failure  records  indicate  that  mains  16  inches  and  larger,  and 
mains  laid  after  1930^  are  structurally  sound, and  that  the  frequency  of 
failure  is  greater  in  the  high  pressure  service  than  in  the  low  pressure 
service. 

d.  Metropolitan  District  Commission  water  has  a  relatively  high 
degree  of  corrosiveness . 

e.  Unlined  cast  iron  mains  in  the  Boston  System  may  have  a  shorter 
useful  life  than  is  indicated  by  the  Hazen- Williams  predicted  average  trends. 

f.  The  results  of  field  tests  to  he  conducted  in  the  South  End  Project 
Area,  and  inspection  of  mains  exposed  during  construction  of  the  Massachusetts 
Turnpike,  together  with  studies  of  other  available  data  in  a3JL  GNKP  Areas 
will  provide  data  for  re-evaluation  from  which  additional  conclusions  may 

be  drawn  regarding  adequacy  and  condition  of  the  system. 

g.  Additional  fire  flow  tests  are  necessary  to  accurately  determine 
the  fire  protection  available  in  axeeis  served  by  the  high  service  system  and 
portions  of  the  low  service  system. 
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Recommendations ;  a.  Request  the  National  Board  of  Fire  Underwriters 
to  undertake  studies,  and  report  on  the  fire  protection  facilities  of  the 
City  as  a  -whole. 

b.  Consider  for  adoption,  "that  a  complete  study  he  made  of  the 
arterial  system  and  of  the  deterioration  in  carrying  capacity,  including 
minor  distributors,"  as  recommended  and  deemed  of  "most  inrportance"  by  the 
National  Board  of  Fire  Undervrriters  in  their  report  of  1951  • 

c.  In  conjunction  with  the  above  recommendation,  consider  initiation 
of  a  comprehensive  program  of  analysis  of  the  hydraulics  of  the  systems 
through  the  use  of  a  modem  engineering  technique,  such  as  the  Mcllroy 
Analysis.  This  program  vould  provide  the  Authority  with  sound  engineering 
data  to  serve  as  a  basis  for  optimum,  economical  modification  of  the  supply 
and  distribution  mains  as  necessitated  by  the  Redevelopment  Program.  In 
addition,  it  could  become  a  continuing  program  that  could  ultimately  be 
adopted  by  the  City  with  highly  beneficial  short  and  long  range  results, 
including  major  economies  which  have  been  proven  in  comparable  cities  in 
recent  years. 

d.  Consider  a  field  inspection  of  portions  of  those  mains  to  be 
exposed  during  the  construction  of  the  Massachusetts  Turnpike  Extension. 
The  results  of  this  program  could  provide  sound  data  to  serve  as  a  basis 
for  determining  the  physical  condition  of  these  and  other  mains  in  the 
Boston  System. 


e.  Consider  replacixig  or  cleaning  and  lining  every  main  over  twelve 
inches  in  diameter  installed  before  1900^  especially  those  located  in 
streets  to  be  reconstructed.  The  final  decision  should  be  based  upon  a 
field  inspection  of  a  portion  of  the  main,  vhere  possible,  coupled  with 
hydraiilic  tests,  to  determine  its  physical  condition  and  hydraulic 
capacities . 

f .  Evaluate  for  future  adequacy.  City  of  Boston  transmission  mains  in 
the  Back  Bay  Area  by  an  overall  study  of  the  arterial  system  when  more 
detailed  planning  for  other  GNRP  Areas  is  available. 

Police  Signal  System 

Conclusions;  a.  Principals  of  the  Signal  Service  Division  consider 
the  Police  Signal  System  to  be  adequate  in  that  it  accomplishes  the  purposes 
for  which  it  was  designed. 

b.  There  are  no  plans  available  at  present  proposing  modification  of 
the  existing  system. 

c.  It  should  be  noted  that  this  Interim  Report  does  not  reflect  aoy 
effect  on  the  Police  Signal  Service  of  the  conclusions  and/or  recommendations 
from  the  recently  released  so-called  "Quinn-Tama  Report"  on  the  Boston  Police 
Department.  ■      . 

Recommendations ;  When  advanced  planning  is  available,  the  Authority, 
in  conjunction  with  the  Director  of  Signal  Service,  should  consider  the 
feasibility  of  modifications  of  the  system  consonant  with  the  objectives 
of  the  Signal  Service  and  the  "Boston  Developmeht  Program. 


Fire  Alarm  System 

Conclusions ;  a.  Principals  of  the  Fire  Alarm  Division  consider  the 
fire  alarm  system  to  be  adequate  for  present  requirements. 

b.  The  Fire  Alarm  Division  proposes  no  modifications  to  its  system  at 
this  time. 

Recommendations ;  a.  When  advanced  planning  is  available  it  is  recom- 
mended that  the  Authority,  in  conjvinction  vith  the  Fire  Alarm  Division  of  the 
Boston  Fire  Department,  consider  modification  of  the  system  consonant  vith 
the  objectives  of  the  Fire  Department  and  the  Boston  Development  Program. 

b.  Give  primary  consideration  to  that  policy  of  the  Fire  Alarm 
Division  -which  requires  that  revisions  or  relocations  of  box  circuits  or 
alarm  circviits  be  complete  and  operating  correctly  before  existing  cir- 
cuits are  taken  out  of  service. 
MTA  Facilities 

Conclusions;  a.  Buses  are  the  only  form  of  MTA  surface  transit  in 
use  in  this  area. 

b.  Extensive  changes  to  the  MTA  system  must  be  anticipated  in  the 
next  few  years. 

Recommendations :  a.  Consider  removal  of  abandoned  facilities  in 
redevelopment  areas. 

b.  Consider  special  emphasis  on  existing  facilities  in  connection 
with  the  Redevelopment  Program. 

c.  Consider  contemplated  studies  of  the  Mass  Transportation  Com- 
mission and  the  MPA  in  urban  renewal  planning. 


IlfTRODUCTION 
OBJECTIVES 

The  Boston  Redevelopment  Authority,  as  the  administering  agency 
for  the  Boston  Development  Program.,  has  undertaicen  many  phases  of  activity 
in  connection  with  the  planning,  development  and  direction  of  the  program. 
One  of  the  initial  stages  of  development,  called  General  Neighborhood 
Rene-vral  Plan  (GKEP),  involves,  in  part,  preliminary  engineer JLng  studies 
of  the  utility  systems .  It  is  at  this  level  of  study  that  this  Interim 
Report,  which  covers  the  area  designated  as  Back  Bay  R-47,  is  concerned. 

The  objectives  of  the  Engineering  Services  and  the  purposes  of  the 
Report  are  to  provide  an  inventory  of  the  existijig  utility  systems 
(namely:  water,  se^rer  ajid  storm  drain,  police  and  fire  communications 
and  Metropolitan  Transit  Authority  (MTA)  facilities)  and  to  comment  on 
the  existing  systems.  This  Interim  Report  does  not  include  the  Proposed 
Planning  and  Future  Land  Use  of  the  Authority  or  any  analysis  thereof. 

The  use  of  this  Interim  Report  and  the  analyses  contained  herein  are 
of  a  supplemental  nature.  The  user  must  understand  that  the  data  and 
analyses  are  indicative  of  the  conditions  existing  in  the  Back  Bay  GNRP 
Area  at  the  time  of  study  of  the  systems,  based  only  on  available  informa- 
tion. The  Conclusions  and  Recommendations  in  this  Interim  Report  are 
based  on  these  analyses. 

Interim  Reports  have  been  submitted  for  the  Downtown,  Parker  Hill- 
Fenway,  and  Roxbury-North  Dorchester  GNRP  Areas,  and  the  South  End  Project 
Area.  Reports  upon  the  South  Boston,  Jamaica  Plain,  and  East  Boston  GNRP 
Areas  will  be  forthcoming.  Subsequent  study  and  analyses  in  these  reports 


nay  require  a  modification  of  the  Coaclusions  and  Recosnendations  of 
previous  reports. 

The  Final  Report,  to  be  assenibled  in  laid  1953^  i-n.ll  consider  all  areas 
individually  and  collectively.  It  ^rnj.   incorporate  the  modifications  to  the 
Conclusions  and  Recomnendations  in  the  Interim  Reports  resulting  from  a  review 
of  the  interactions  of  the  systems  in  the  areas  covered  by  the  several  Interim 
Reports . 
INVEOTORY  OF  SYSTEMS 

The  inventory  of  the  several  systems  mentioned  in  the  preceding  section 
has  been  indicated  on  a  separate  set  of  3  drawings  prepared  eicpressly  for 
this  purpose. 

These  exhibits,  consisting  of  one  map  each,  are  indicated  as  Exhibits 
kj-l,   i•^T-2,  and  47-3  snd  are  an  integral  part  of  this  report;  however,  due 
to  their  size,  they  have  not  been  bound  into  the  Report. 
MKLYSIS   OF  SYSTEMS 

The  analyses  of  the  several  systems  mentioned  previously  has  been  carried 
cut  in  a  manner  designed  to  point  out  any  deficiencies  which  may  exist  in 
the  present  systems.  In  addition  the  analyses  have,  in  several  cases,  uncovered 
areas  where,  from  an  engineering  vieirpoint,  it  is  considered  that  improvements 
to  the  system  could  be  \rorthy  of  consideration  for  either  present  action  or 
future  study  uncer  more  advanced  programs.  It  is  on  these  analyses  that  the 
Conclusions  and  Reconmendations  in  this  Interim  Report  are  based. 


In  an  effort  to  provide  a  budgetary  yardstick  for  the  Authority  in 
development  of  the  Back  Bay  GKTRP  Program,  estimates  have  been  made,  on  the 
basis  of  past  experience  in  the  engineering  field,  of  the  costs  involved 
for  correcting  various  deficiencies  and/or  making  various  icxprovements . 
Specifically,  this  hats  been  done  vherever  the  analysis  of  the  existing 
system  has  indicated  that  a  possible  deficiency  in  the  particular  system 
may  exist,  or  -where  an  improvement  appears  to  be  warranted. 


SH-ffiR  MD  STOKjI  drain  SYSPE^IS 

DEVSLOR.nElJT  OF  TEE  BOSTOH  SEI'ER  SYSTSIvI 

Boston  'i%'as  settled  in  I63O,  and  its  Sewer  Systen  is  reported  to  have 
originated  prior  to  17OO.  The  present  system  can  best  be  understood  from 
an  outline  oi'  the  history  of  its  developsent ,  since  this  system  is  the  re- 
sult of  successive  adaptations  oi"  and  additions  to  the  old  sewers  as  con- 
ditions have  changed  and  as  the  governing  bodies  of  the  City  alleviated 
the  nuisances  and  health  hazards  ^jhich  they  encountered. 

The  first  severs  were  surface  drains  built  by  private  individuals. 
Sone  consisted  of  a  wood  bottom,  brick  sides  and  a  flat  stone  cover;  others 
had  a  brick  invert  and  a  flat  stone  covering;  still  others  were  constructed 
entirely  of  wood.  In  general  all  these  drains  connected  directly  to  tide 
■vra.ter. 

In  the  early  l820's  the  City  assumed  control  of  all  existing  sewers 
and  the  construction  and  maintenance  of  new  ones.  Policies  and  controls 
changed  constantly.  It  was  mandatoiy  by  I87T  that  all  sewage  be  discharged 
into  the  seA%'ers.  Thus,  the  original  surface  ^-rater  drains  were  changed  into 
ccKa.on  sewers  of  the  "combined"  type.  The  outlets  for  these  combined  sewers 
were  scattered  around  the  harbor  front  and  tide  crater  areas.  This  resulted 
in  complaints  of  nuisances  from  polluted  flats. 

These  nuisances  increased  yearly,  and  in  l875  a  cormission  -vras  ap- 
pointed to  devise  a  remedy.  This  coinmission  advised  that  an  intercepting 
system  of  se^rars  should  be  built  encircling  the  City  at  the  v.'aterfront  and 
discharging  at  Moon  Island.  With  minor  exceptions  and  slight  modification. 


this  plan  was  adopted  and  eventually  resulted  in  the  establishment  of  the 
West  Side  Interceptor,  the  East  Side  Interceptor,  the  Boston  Main  In- 
terceptor, the  South  Boston  Interceptor,  the  Dorchester  Interceptor,  the 
Calf  Pasture  Pumping  Station,  and  the  Moon  Island  Facilities  wtiich  still 
serve  the  Boston  Sewer  System, 
METROPOLITAN  SYSTEMS 

Even  before  the  completion  of  the  Boston  System,  unsanitary  conditions 
in  the  surrounding  cities  and  towns  of  the  Metropolitan  District  prompted 
the  State  Legislature  of  I889  to  take  action.  This  action  resulted  in  a 
report  which  recommended  the  building  of  the  North  Metropolitan  System,  and 
the  Charles  River  Valley  System.  These  were  built  in  the  l890's,  and  sub- 
sequently the  Legislature  provided  for  the  building  of  the  Neponset  Valley 
System,  by  taking  over  the  two  sections  of  the  Dorchester  Interceptor  and 
providing  for  construction  of  the  balance  of  the  system. 

The  North  Metropolitan  ^stem  still  serves  the  cities  and  towns  in 
the  l^iystic  Valley  and  the  municipalities  north  of  Boston,  such  as  Chelsea, 
Everett,  etc.  It  also  receives  the  sewage  of  Charlestown  and  East  Boston, 
but  has  no  other  connection  with  the  Boston  Sewer  System. 

The  systems  in  the  Charles  and  Neponset  River  Valleys  were  built  as 
extensions  of  the  Boston  intercepting  system  and  operated  as  such  until 
detached  and  connected  with  the  Metropolitan  High  Level  Sewer,  which  was 
built  to  serve  the  high  lands  of  the  cities  and  towns  in  the  Charles  and 
Neponset  Valleys,  as  well  as  those  of  Boston.  The  flows  of  the  Charles 
and  Neponset  intercepting  sewers  were  diverted  from  the  City's  System 
and  connected  to  the  High  Level  Sewer  with  an  outlet  for  the  system  at 
Nut  Island.  This  established  the  South  Metropolitan  Sewer  System. 


The  establishnent  of  the  South  Metropolitan  System  in  conjunction 
•with  the  Worth  Metropolitan  System  and  the  Boston  Sewer  System,  later 
known  as  the  Boston  Main  Drainage  District,  resulted  in  three  large  sewer 
outlets  into  Boston  Harbor  at  Nut  Island,  Deer  Island  and  Moon  Island, 
respectively. 

The  Metropolitan  High  Level  Sewer,  having  been  designed  to  taie  the 
dry  -vreather  flow  only,  with  a  small  addition  of  storm  water,  implied  the 
building  of  separate  systems  and  the  conversion  of  existing  combined  sys- 
tems to  the  separate  principle.  This  work  and  the  building  of  the  large 
storm  water  conduits  in  the  brook  valleys  constituted  the  beginning  of  a 
separate  system  which  was  confined,  primarily,  to  the  outlying  areas  of  the 
City.  These  storm  flow  conduits  have  generally  followed  the  line  of  the 
old  water- courses.  The  larger  and  more  important  of  these  are  the  Stony 
Brook  Conduit  and  the  Fenway  Foul  Flow  Channels. 
METROPOLITM  DISTRICT  CCMMISSION  PLAN 

From  the  brief  outline  of  the  history  of  the  systems  of  sewers  and 
storm  drains  in  Boston  and  the  adjoining  areas,  it  can  be  seen  that  prior 
to  1900  there  was  concern  for  the  nuisances  created  by  the  discharge  of 
sewage.  In  the  next  fifty  to  sixty  years  this  concern  did  not  decrease 
and  the  discharge  of  untreated  sewage  and  combined  stoiTu  water  and  sewage 
into  Boston  Harbor  became  the  subject  of  a  number  of  reports.  These  re- 
sulted in  the  establishment  of  the  Metropolitan  District  Commission  with 
its  program  for  alleviation  of  and  treatment  of  the  pollution  of  the  rivers 


and  harbors  in  the  Metropolitan  Area.  The  ma.ny  reports,  studies  by 
special  ccisiissions  and  legislative  authorizations  were  climaxed  in  1951 
in  a  report  to  the  Metropolitan  District  Commission  by  Charles  A.  I-Iaguire 
Si   Associates  on  "A  Proposed  Plan  of  Sewerage  and  Sewage  Disposal  for  the 
Boston  Metropolitan  Area." 

The  plan,  authorized  by  Chapter  645  of  the  Acts  of  1951^  vill  elijainate 
all  sewage  discharges  at  Moon  Island,  and  wx3J.  provide  for  all  of  the  sewage 
from  the  North  Metropolitan  District,  the  Boston  Main  Drainage  District  and 
the  South  Charles  portion  of  the  South  Metropolitan  District  to  be  conducted 
to  Deer  Island  for  treatment.  With  the  completion  of  this  plain,  there  will 
be  no  discharge  of  untreated  sewage  to  the  harbor,  except  overflows  of  sewage 
diluted  with  water.  The  overflows  originating  in  the  Back  Bay  GNRP  Area 
are  discussed  later  in  this  report  under  the  section  entitled  "Overflows  and 
Pollution." 

The  sewage  treatment  facilities  at  Deer  Island  and  the  new  conduit 
system  authorized  by  the  above  Act,  are  presently  in  various  stages  of  com- 
pletion and/ or  construction.  The  \iltimate  diversion  of  all  sewage  from  the 
Boston  Main  Drainage  District  through  proposed  headworks  at  Ward  Street  or 
Columbus  Park,  and  the  tunnel  system  to  Deer  Island  will  result  in  beneficial 
effects  to  the  City  of  Boston  in  approximately  five  years.  The  MDC  Sewer- 
age Plan  and  its  overall  effect  on  those  sewers  pertinent  to  the  Boston 
Redevelopment  Program  will  be  discussed  in  greater  detail  in  the  final  report. 


Metropolitan  District  Cogmiission  Severage  Plan  in  the  Back  Bay  GERP  Area 
None  of  the  conponents  of  the  MDC  sewerage  plan  are  in  the  Back  Bay 
GI'IEP  Area.  The  operation  of  the  MDC  system  -^d-ll  relieve  flow  in  the  West 
Side  Interceptor,  however.  The  Boston  Main  Drainage  Relief  Sewer  will 
create  a  draw-doi-,m  of  the  ^vater  surface  of  the  Boston  Main  and  the  West 
Side  Interceptors,  thus  reducing  the  frequency  of  overflows  from  the 
West  Side  Interceptor  and  its  tributaiy  combined  sewers  to  the  Boston 
Marginal  Conduit.  Therefore,  the^ frequency  of  overflow  and  the  pollution 
to  the  Charles  River  Basin  will  be  reduced,  as  well  as  the  pollution  to 
the  tidal  -vrater  below  the  Charles  River  Dam. 
The  Charles  River  Basin  Elevation  Control  Project 

The  project  consists  of  a  pumping  station  and  a  new  dam  to  replace 
the  existing  Charles  River  Dam.  It  is  intended  that  the  pumping  station 
will  control  the  basin  elevation  and  prevent  the  re-occurrence  of  flooding 
of  the  low  areas  as  resulted  from  hurricane  storms  in  195^  and  1955*  ^e 
dam  portion  of  this  project  \7il.l   be  constructed  in  the  vicinity  of  the 
abandoned  Warren  Avenue  Bridge,  thus  converting  a  reach  of  the  tidal  estuary 
to  fresh  water  as  a  part  of  the  Charles  River  Basin.  The  Charles  River  Basin 
Elevation  Control  Project  is  in  the  process  of  being  designed. 
The  Proposed  Boston  Marginal  Conduit  Pumping  Station 

The  Boston  Marginal  Conduit,  a  part  of  the  Metropolitan  District  Commission's 
System,  receives  overflows  from  the  sewers  tributary  to  the  West  Side  Interceptor 
and  discharges  to  the  tidal  estuary  downstream  of  the  Charles  River  Dam.  The 


conduit  has  a  linited  capacity  and  can  only  discharge  \faen   tidal  conditions 
pemrLt.  As  a  result,  the  Marginal  Conduit  frequently  overflows  to  the 
Charles  River  Basin.  The  Metropolitan  District  Corcraission  has  undertaken 
studies  to  construct  a  pumping  station  at  the  downstream  terminus  of  the 
Marginal  Conduit  to  relieve  the  conduit  and  reduce  the  frequency  of  over- 
flows and  pollution  to  the  Charles  River  Basin. 
MALYSIS  OF  EXISTING  SYSTEMS 
General 

Tiae  Back  Bay  Area  is  bounded  by  Back  Street  on  the  north;  the  New  York, 
New  Haven  and  Hartford  Railroad,  Clarendon  and  Stuart  Streets  on  the  south; 
Arlington  Street  on  the  east;  and  Massachusetts  Avenue  on  the  west. 

It  comprises  about  35O  acres  and  has  a  population  of  about  20,000  per- 
sons. Approximately  30  to  kO   percent  of  the  area  is  served  by  separate  systems 
as  a  result  of  legislative  acts  encouraging  and,  in  some  instances,  requiring 
the  construction  of  separate  systems  in  areas  tributary  to  the  Charles 
River  Basin.  The  remainder  of  the  Back  Bay  is  served  by  combined  systems. 

The  dry  weather  flow  of  the  sanitary  sewers  and  the  local  combined 
sewers  in  the  Back  Bay  discharge  to  the  West  Side  Interceptor.   Storm  flows 
from  the  local  systems  discharge  through  overflovrs  to  the  Boston  Marginal 
Conduit  which,  in  turn,  discharges  to  the  tidal  estuary  downstream  of  the 
Charles  River  Dam,  and  when  its  capacity  is  exceeded,  overflows  to  the 
Charles  River  Basin 
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Sanitary  Sewerage  System 

The  main  sanitary  severs  in  the  Back  Bay  Area  are  located  in  Dartmouth 
Street,  St.  James  Street,  Boylston  Street,  and  Back  Street,  as  shovm  on 
Exhibit  k-T-S. 

The  sanitary  sevrer  in  Dartmouth  Street  varies  in  size  from  2 '6"  in 
diameter  to  3'0"  in  diameter  and  in  capacity  from  5*0  to  7*0  mgd.   It  starts 
at  Boylston  Street  and  flows  north  along  Dartmouth  Street  until  it  dis- 
charges to  the  West  Side  Interceptor  at  Beacon  Street.  This  conduit  serves 
the  area  adjacent  to  Dartmouth  Street,  comprising  a  total  of  about  85  acres. 

The  main  sanitary  se-irer  for  the  Back  Bay  Area  begins  in  the  Doim.to-'.-m 
GKRP  Area  serving  a  portion  of  the  Park  Square  section.  It  enters  this 
Area  at  St.  James  Avenue  and  Arlington  Street,  runs  along  St.  James  Avenue, 
Dartmouth  Street  and  Boylston  Street,  and  discharges  to  the  VJest  Side 
Interceptor  at  Hereford  Street.  This  sewer  varies  in  size  from  22"  in 
diameter  to  2'9"x3'3"  and  in  capacity  from  2.6  mgd  to  9-5  mgd.  The  area 
served  by  this  server  comprises  about  65  acres. 

The  sanitary  sewer  in  Back  Street  is  an  lb"   conduit  serving  the  area 
between  Beacon  and  Back  Streets.  It  discharges  its  flows  to  the  Vfest  Side 
Interceptor  through  12"  conduits  in  Clarendon  and  Hereford  Streets.  The 
total  area  served  by  this  conduit  comprises  about  22  acres. 
Storm  Drainage  Systems 

The  storm  drains  serve  essentially  the  same  area  as  the  sanitary  seis^rs. 
In  most  instances,  the  storm  drains  have  either  been  constructed  parallel  to 
or  on  top  of  the  existing  sanitary  sewers  ajid  are  shown  on  Exhibit  hj-6.     The 
storm  drains  do  not  have  separate  outlets,  but  discharge  through  the  main 
combined  sewers  to  outlets  in  the  Boston  Marginal  Conduit. 
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The  major  storm  drains  serving  the  area  of  separate  systems  lies  in 
St.  James  Avenue  and  Blagden  Street.  These  conduits  have  been  constructed 
in  combination  mth  the  sanitary  sewer  in  those  streets,  vith  the  storm 
drains  above  the  sanitary  severs.  The  storm  drains  in  this  area  have  two 
outlets,  one  to  the  combined  sever  in  Berkeley  Street  and  the  other  to  the 
combined  sewer  in  Dartmouth  Street. 

The  storm  drain  discharging  to  the  6'0"x6'6"  combined  sever  in  Berkeley 
Street  begins  in  the  Downto-im  GKRP  Area  near  Park  Square.  It  enters  the 
Back  Bay  at  Arlington  Street  and  extends  along  St.  James  Avenue  to  Berkeley 
Street  •i'There  it  discharges  to  the  above-mentioned  combined  sewers.  The  size 
varies  from  12"  to  30"  iii  diameter.  The  total  area  served  comprises 
about  l6  acres. 

The  storm  drain  discharging  to  the  6'0"  combined  sewer  in  Dartmouth 
Street  begins  at  St.  James  Avenue  and  Berkeley  Street  and  runs  westerly 
along  St.  James  Avenue  to  Dartmouth  Street  where  it  discharges  to  the  above- 
mentioned  combined  sewer.  This  conduit  varies  in  size  from  15"  to  3'6"x3'6", 
in  capacity  from  1.5  mgd  to  I3.O  mgd,  and  serves  a  total  area  of  about 
31  acres. 
Coiabined  Se-^rerage  Systems 

There  are  four  main  combined  severs  in  the  Back  Bay  Area  serving  almost 
the  entire  drainage  area.  These  conduits  are  tributary  to  the  West  Side  Inter- 
ceptor and  the  Boston  Marginal  Conduit.  The  four  main  combined  sewers  are 
described  as  follows: 
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1.  The  combined  sever  in  Berkeley  Street  varies  in  diiaension 
from  36"x36"  to  6'0"x6'6"  and  in  capacity  from  10  mgd  to 
120  mgd.  It  discharges  dry  veather  flow  to  the  West  Side 
Interceptor  through  a  regulator  at  Beacon  Street,  and 
storm  flov  to  the  Boston  Marginal  Conduit.  This  sewer 
drains  the  area  between  Clarendon  Street,  Stuart  Street, 
Arlington  Street  and  Storrow  Drive,  comprising  a  total 

of  about  60  acres. 

2.  The  combined  sewer  in  Dartmouth  Street  varies  in  dimension 
from  4'0"x4'2"  to  6'0"  and  in  capacity  from  l6  mgd  to  15O 
mgd.  It  begins  in  Huntington  Avenue,  extends  along  Dart- 
mouth Street,  and  discharges  dry  weather  flow  to  the  West 
Side  Interceptor  through  a  regulator  chamber  at  Beacon 
Street.  Storm  flow  is  discharged  to  the  Boston  Marginal 
Conduit.  This  sewer  drains  the  area  between  Clarendon 
Street,  Huntington  Avenue,  Dartmouth  Street,  Boylston 
Street  and  Back  Street,  as  well  as  the  area  tributary  to 
the  storm  drain  in  St.  James  Avenue.  The  total  area  served 
by  this  conduit  is  approximately  8I  acres. 

3.  The  2V'x31"  combined  sewer  in  Garrison  Street  has  a  capacity 
of  5.5  mgd.  It  carries  the  flow  from  the  2'x3'  combined  sewer 
in  St.  Botolph  Street.  At  Huntington  Avenue,  in  order  to  cross 
the  Prudential  Center  site,  this  sewer  has  recently  been  con- 
structed as  an  inverted  siphon  composed  of  twin  30"  reinforced 
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concrete  pipes  encased  in  concrete.  Th.e  siphon  changes 
in  section  to  tvin  3^"  cast  iron  pipes  at  Boylston  Street 
and  connects  to  a  '^^0"x6'0"    combined  sewer  running  along 
Fairfield  Street.  This  conduit  drains  the  Prudential 
Center  site,  the  area  bounded  by  Huntington  Avenue,  Irvington 
Street,  the  New  York,  New  Eaven  &  Hartford  Railroad,  and 
West  Ne-^rton  Street,  and  the  area  bounded  by  Boylston  Street, 
Gloucester  Street,  Storrow  Drive,  and  Exeter  Street,  a  total 
of  95  acres.  Diy  weather  flow  discharges  to  the  West  Side 
Interceptor  through  a  regulator  chamber  at  Beacon  Street  and 
storm  flow  to  the  Boston  Marginal  Conduit. 
k.     The  combined  sewer  in  Hereford  Street  begins  on  Cumberland 

Street  just  south  of  St.  Botolph  Street,  runs  along  Cumberland 
Street,  Huntington  Avenue,  Nor\ray  Street,  Salt on  Street,  and 
Hereford  Street  to  Beacon  Street  where  it  discharges  dry 
weather  flow  to  the  West  Side  Interceptor  and  storm  flow  to 
the  Boston  Marginal  Conduit.  It  drains  the  area  bounded  by 
Gloucester  Street,  the  Prudential  Center,  West  Ne-vrton  Street, 
the  "boundary  of  the  Back  Bay  GKRP  Area,  and  in  addition  drains 
a  portion  of  the  Parker  Hill-Fenway  GNEP  Area,  west  of  Hereford 
Street.  This  sewer  varies  in  size  from  2Vx31"  to  8'0"x8'6" 
and  in  capacity  from  6  mgd  to  250  lagd.  The  area  drained  by 
this  conduit  comprises  about  85  acres  in  the  Back  Bay  GNRP 
Area  and  31  acres  in  the  Parker  Hill-Femray  Gl'ffiP  Area, 
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West  Side  Interceptor 

The  major  interceptor  of  the  Boston  Main  Drainage  System  in  the  Back 
Bay  GNRP  Area  is  the  Vest  Side  Interceptor.  The  entire  severage  system  in 
this  Area  is  tributary  to  this  conduit.  It  begins  in  the  Do-ivnto^ra.  North 
GKKP  Area  near  Connercial  and  Prince  Streets.  It  enters  the  Back  Bay  Area 
at  Beacon  and  Arlington  Streets,  extends  westerly  along  Beacon  Street,  turns 
south  along  Hereford  and  Falmouth  Streets  and  leaves  the  Area  at  Falmouth 
Street  and  Massachusetts  Avenue.  -The  total  area  tributary  to  the  Vest  Side 
Interceptor  encompasses  the  entire  Back  Bay  GKKP  Area  and  portions  of  the 
Downtown  Korth  and  the  Parker  Hill- Fenway  GNRP  Areas. 

In  the  Back  Bay  Area,  the  VJest  Side  Interceptor  has  a  lt'9"x5'6"  horse- 
shoe shaped  cross  section,  is  laid  on  a  uniform  slope  of  .OOO5  ft/ft  and 
has  a  capacity  flowing  fall  of  33  mgd.  This  conduit  receives  the  low  flow 
from  the  combined  systems  and  the  sewage  flow  from  the  sanitaiy  systems  in 
the  Back  Bay  Area.  This  flow  is  discharged  to  the  Boston  Main  Interceptor 
which,  in  turn.,   discharges  to  the  Calf  Pasture  Pumping  facilities  in  South 
Boston. 
The  Boston  Marginal  Conduit  (MDC) 

The  West  Side  Interceptor  receives  flows  from  a  highly  developed  area 
of  the  City  of  Boston,  served  almost  entirely  by  combined  sewers.  The  original 
design  of  the  West  Side  Interceptor  provided  for  very  limited  interception  of 
storm  flow  and  \ra.s  based  upon  the  use  of  closely  spaced,  regulator  controlled, 
overflows  discharging  directly  to  the  Charles  River  estuary.  The  Charles 
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River  at  ohat  time  was  tidal  to  the  Waterto\7ii  Dam.  Maintaining  the  Charles 
River  Basin  level  at  elevation  8.0  created  a  substantial  back.\ra.ter  on  these 
overflovB.  Moreover^  the  discharge  of  nixed  se^iage  and  storm  flow  to  the 
Basin  during  stoms  also  created  objectionable  conditions.  The  Boston 
Marginal  Conduit  -vras  accordingly  designed  and  constructed. 

The  Boston  Marginal  Conduit  has  its  origin  in  the  Parker  Hill-Femray 
GHRP  Area  in  the  Fens  gatehouse  at  the  termini  of  the  Old  Stony  Brook  Conduit 
and  the  Commissioners'  Channel.  It  enters  the  Back  Bay  Area  at  the  Harvard 
Bridge  and  Storrow  Drive,  runs  east  along  Storrow  Drive  and  leaves  the  Area 
at  Arlington  Street.  The  conduit  enters  the  Back  Bay  Area  as  a  6'VxT'8" 
horseshoe  section.  At  Dartmouth  Street  and  Storro"/  Drive,  it  changes  to  an 
8'  diameter  section.  The  conduit  receives  the  storm  overflow  from  the  com- 
bined sewers  tributary  to  the  West  Side  Interceptor  and  the  low  flow  from 
the  Foul  FloTj-  Channels  of  the  Stony  Brook,  in  addition  to  the  overflows 
caused  by  surcharging  of  the  West  Side  Interceptor. 

The  capacity  of  the  conduit  is  limited  due  to  the  fact  that  it  has  been 
laid  flat  with  its  invert  at  elevation  -1.5  and  is  dependent  on  the  tide  for 
gravity  discharge  to  the  tidal  estuary  do-^mstream  of  the  Charles  River  Dam. 
T"Jhen  the  capacity  of  the  conduit  is  exceeded  or  when  it  cannot  outlet  due  to 
tide  conditions,  the  Marginal  Conduit  overflows  to  the  Charles  River  Basin. 
The  overflows  from  the  Marginal  Conduit  are  discussed  later  in  the  section 
entitled  "Overflows  and  Pollution." 
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The  main  function  of  the  Boston  ^iargi^al  Conduit  is  to  afford  relief 
of  the  sewers  tributary  to  the  West  Side  Interceptor  and  to  limit  pollution 
to  the  Charles  River  Basin  hy  discharging  to  the  tidal  estuary  below  the  dam. 

During  storms,  and  as  soon  as  the  rainfall,  plus  the  sanitary  flow, 
exceeds  the  limited  capacity  of  the  West  Side  Interceptor,  excess  flov  over- 
floj-rs  to  the  Boston  Marginal  Conduit.  Due  to  its  limited  capacity,  the 
Marginal  Conduit  overflcrvrs  to  the  Charles  River  Basin  frequently.  This  con- 
dition is  aggravated  by  the  introduction  of  flow  from  the  Stony  Brook.  System 
at  the  upper  terminus  of  the  Conduit.  Studies  included  in  the  "Report  upon 
Boston  I'larginal  Conduit  Pumping  Station,  Project  I3"  to  the  MDC,  in  195^^ 
indicate  that  overflows  from  the  Marginal  Conduit  to  the  Basin  occur  one 
day  in  every  ten  days,  and  the  discharge  from  the  conduit  is  precluded  by 
the  tide  22  percent  of  the  time.  The  conduit  has  a  flowing  capacity  of 
l40  mgd,  5  percent  of  the  time,  and  a  capacity  of  73  mgd,  50  percent  of 
the  time,  based  on  the  assumptions  of  (l)  a  gravity  conduit  -t^rith  no  basin 
overflow,  (2)  no  flow  from  Stony  Brook  Systems,  and  (3)  flow  from  drainage 
areas  intercepted. in  proportion  to  tributary  areas  at  each  inlet. 

Even  before  the  Marginal  Conduit  was  completed,  the  probable  necessity 
for  a  pumping  station  was  recognized.  Ho-^jever,  it  was  not  provided  for  until 
the  legislature  enacted  the  Metropolitan  District  Commission's  overall  plan 
in  1951.  In  1958,  a  report  "Boston  Marginal  Conduit  Pumping  Station,  Project  13" 
was  submitted  to  the  Commission.  At  present,  the  pumping  station  is  still 
one  of  the  Metropolitan  District  Commission's  future  projects. 
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Pumping  \n.l  1   provide  the  tlarginal  Conduit  \Txth   a  continuous  outlet  to 
the  tidal  estuary  beloa.r  the  Charles  River  Dam  and  in.ll  afford  relief  to  the 
tributary  seirars  in  the  Back  Bay  by  reducing  surcharging  and  flooding  in 
the  critically  lov  areas  adjacent  to  the  Charles  River  Basin. 
Capacities  and  ELot-rs 

The  dry  weather  floifs  from  the  main  combined  sewers  tabulated  hereafter 
have  been  estimated  using  a  sumniary  of  irater  records  of  the  City  of  Boston 
for  the  various  vards  in  the  Back  Bay  GKRP  Area,  and  an  assumed  value  for 
ground  water  infiltration  into  the  system.  The  figures  obtained  using  the 
■jirater  records  and  assumed  infiltration  values  are  only  intended  to  give  an 
indication  of  tht  prooable  range  of  average  dry  veather  flovs. 

Flows  in  Separate  and  Combined  Sewers;  Estimates  of  dry  weather  flows 
contributed  by  the  Back  Bay  GNRP  Area  indicate  that  a  total  of  approximately 
if. 3  mgd -flows  to  the  West  Side  Interceptor,  of  which  3*3  Els'!  is  sanitary  flow 
and  1.0  mgd  is  infiltration. 

The  following  tabulation  on  "Estimated  Sewage  Flows  for  Major  Sewer 
Conduits,"  indicates  the  size  and  capacity  of  the  major  conduits,  the 
connections  to  the  Boston  l-Iain  Drainage  System  and  the  overflows  to  the 
Boston  Marginal  Conduit,  as  well  as  estimates  for  average  dry  weather  flow. 
The  tabulation  has  been  compiled  from  available  recorded  information.  A 
review  of  the  tabulation  indicates  that  the  average  dry  weather  flow  in  the 
combined  systems  is  small,  in  the  range  of  1  percent  to  5  percent  of  the 
floi-rLng  full  capacity  of  the  conduits.  The  capacity  of  the  West  Side 
Interceptor  is  such  that  it  provides  for  the  peak  dry  weather  flow,  plus  an 
equal  quantity  of  storm  flow. 
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An  evaluation  of  adequacy  of  capacity  of  the  coiribined  sewers  is  based 
upon  storm  flows  because  the  dry  veather  flovrs  require  such  a  small  per- 
centage of  the  total  capacity.  Accepted  practice  for  main  storm  drains  is 
to  provide  capacities  adequate  for  a  5  "to  10  year  storm  frequency  as  a 
desirable  condition,  and  for  a  2  to  5  year  frequency  as  a  minimum  condition 
in  areas  of  this  type. 

The  flomng  full  capacity  of  the  several  main  conduits  in  this  Area 
indicate  that  they  are  generally,  adequate  for  storms  of  10  to  25  year 
frequency. 

Flow  in  the  ¥est  Side  Interceptor;  The  West  Side  Interceptor  has  a  capa- 
city of  about  33  lag'i'  It  carries  the  flow  from  the  combined  sever  systems  in 
the  Do-imtovTi  North  GKRP  Area,  the  Parker  Hill-Fenway  GNKP  Area,  and  the  Back 
Bay  GITRP  Area.  Although  sewer  gaugings  from  the  "Report  on  Se-v/erage  and 
Sewage  Disposal,"  by  Charles  A.  Maguire  and  Associates  in  1951^  indicate  that 
the  West  Side  Interceptor  contributed  an  average  dry  weather  flow  of  about 
13.0  mgd  to  the  1-lain  Drainage  System  at  that  time,  interviews  with  personnel 
of  the  Sewer  Division  indicate  that  this  conduit  is  now  surcharged  a  majority 
of  the  time.  This  condition  is  attributed  to  increasing  entrance  of  ground 
and  tide  water  into  the  systems  and  the  inability  of  the  pumping  units  at 
Calf  Pasture  to  handle  the  discharge  due  to  their  frequent  need  of  repair. 

Before  final  conclusions  can  be  dra^.m  regarding  the  adequacy  of  these 
conduits,  a  program  of  gaugings  and  field  observation  should  be  undertaken 
at  selected  locations  in  the  system  to  provide  a  determination  of  typical 
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dry  -^-reather  flo-ijs,  storm  flow  and  overflow  conditions.  An  analysis  of 
individual  sewers,  if  perfojmied  at  this  tine,  would  involve  assumptions  regard- 
ing floors  in  the  systeias.  For  the  analysis  to  be  meaningful,  these  assump- 
tions should  be  verified  by  field  observations  and  gaugings.  With  observed 
flow  data,  the  individual  sewers  and  st03rm  drains  can  be  evaluated  regarding 
adequacy  of  capacity  on  a  sound  engineering  basis.  Therefore,  a  detailed 
analysis  of  individual  se\7ers,  preceding  the  collection  of  flow  data,  is 
not  considered  to  be  in  the  best  interests  of  the  Authority. 

Bases  for  Capacity  Computations;  The  flo^d-ng  full  capacities  of  sevrers 
and  storm  drains  2k   inches  and  greater  in  size,  shovm  in  the  follo-ijing 
tabulations  and  indicated  on  Exhibit  ^7-1,  have  been  computed  for  conduits 
flowing  full  using  the  Manning  and  Kutter  formulae  where  sufficient  recorded 
data  was  readily  available.  Each  of  these  formulae  involves  three  variables: 
the  slope  or  gradient  of  the  sewer,  the  hydraulic  radius,  which  is  a  function 
of  the  size  and  shape,  and  a  roughness  coefficient  of  "n"  value. 

The  hydraulic  radius  has  been  determined  on  the  basis  of  size  and 
shape  as  noted  on  the  following  drawings.  I'Jhere  exact  shapes  were  not  readily 
available,  an  assumption  has  been  made  on  the  basis  of  an  evaluation  of  knov/n 
construction  in  the  same  area  and  of  approximately  the  same  age.  Exhibits 
kj-k   and  ij-7-5  give  the  dimensions  emd  proportions  for  typical  seirer  shapes 
of  the  majority  of  the  sewers  encountered  in  the  Back  Bay  GKTEtP  Area.  The 
basic  shapes  are  circular,  egg,  ovoid,  horseshoe  and  U-shape.  It  has  been 
determined  that  variations  from  these  shapes  could  be  equated  to  a  basic 
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shape  of  equivalent  area  and  still  achieve  an  accuracy  of  5  percent  vhich 

is  veil  mthin  the  accuracy  limitations  for  capacity  computations  based  on 

the  assumed  values  of  the  coefficient  of  roughness. 

The  coefficients  of  roughness  or  "n"  values  are  in  accord  mth  accepted 

practice  in  the  fields  based  on  engineering  judgment  and  using  an  average 

value  for  each  type  of  conduit  considered.  The  values  used  are  as  follows: 

Type  "n" 

Wood       '  .013 

Concrete  (since  1950)  .013 

Cast  Iron  or  Iron  .OI5 

Vitrified  Clay  .OI5 

Brick  (since  1950)  .OI5 

Concrete  (pre-1950)  .OI5 

Brick  and  Wood  .015 

Material  Unknovm  .015 

Brick  (pre-1950)  .017 

The  slopes  of  all  sewers  have  been  determined  from  the  available  in- 
vert elevations  and  from  scaled  distances  between  manholes  as  taken  from 
Exhibit  i^7-l. 
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Coadition 

Data  available  from  records,  and  interviews  mth  personnel  responsible 
for  maintenance  have  indicated  that  very  little  is  knovm  regarding  the 
physical  condition  of  the  existing  sewerage  and  storm  drainage  systems  in 
the  Back  Bay  GMF  Area.  Such  information  as  it  was  possible  to  interpret 
has  been  indicated  herein  in  a  general  manner.  However,  specific  indica- 
tions of  condition  for  each  run  of  conduit  are  not  available. 

The  majority  of  the  se-vrers  and  storm  drains  in  the  Back  Bay  Area  are 
constructed  of  brick,  concrete  or  vitrified  clay.  Most  of  the  brick  sei-rers 
and  storm  drains  -trere  laid  in  the  late  iSOO's  or  early  1900's,  and  few  major 
repairs  have  been  made  since  their  installation.  Due  to  the  danger  in  enter- 
ing a  sei'jer  for  visual  inspection  of  the  inside  of  the  conduits,  coupled 
with  the  fact  that  few  extensive  structural  failures  have  occurred,  very 
little  is  kno-tm  about  the  physical  condition  of  the  sewerage  system. 

T>ro  serious  failures  have  occurred  recently  on  the  Boston  Main  Interceptor 
in  Dorchester  and  South  Boston.  The  causes  of  failure  are  being  studied  by 
■".ae  Sewer  Division  and  vrill  be  available  at  a  later  date.  These  failures 
serve  to  emphasize  the  fact  that  the  condition  of  the  conduits  is  an  imkno^ra 
factor  and  that  serious  unpredictable  failures  may  occur.  Repair  of  a  major 
conduit  can  be  very  expensive  and  time  consuming  and  cause  serious  disruption 
of  traffic,  as  well  as  requiring  emergency  diversions  of  sewage  flo\7S  that  can 
seriously  increase  pollution  of  receiving  waters.  As  an  example,  the  collapse 
of  the  Main  Interceptor  on  Massachusetts  Avenue,  near  Clapp  Street,  has 
required  the  follo^dng: 
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1.  Diversion  of  major  flovrs  necessary  to  accomplish  repairs  consisted 
of  the  f  ollovd-ng  : 

a.  ALl  flows  froa.  the  East  Side  Interceptor  were  discharged 
to  the  Roxbury  Canal. 

h.  All  flows  fron  the  Dorchester  Brook  Sewer  were  discharged 
to  the  South  Bay. 

c.  All  flows  from  the  Stony  Brook  Interceptor  were  discharged 
to  the  tidal  estuary  of  the  Ciarles  River  via  the  Old  Stony 
Brook  Conduit  and  the  Boston  Marginal  Conduit.  However, 
this  diversion  was  already  in  effect  when  the  collapse 
occurred,  since  it  was  necessary  to  allow  for  the  construc- 
tion of  the  Boston  Main  Drainage  Relief  Sewer. 

2.  A  6  month  period  or  more  was  required  to  accomplish  repair. 

3.  The  loss  of  Massachusetts  Avenue  as  a  major  traffic  artery  during  the 
period  required  for  repair. 

k.     Repair  costs  of  approximately  $250,000. 

According  to  Sewer  Division  personnel,  operational  problems  idLth  the 
■sewers,  consist  almost  entirely  of  blockage  of  pipes  and  catch  basins  due 
to  iiqproper  use,  refuse,  sticks,  rags,  grease,  etc.,  and  sediments  or 
other  foreign  matter.  These  operational  problems  occur,  for  the  most  part, 
in  the  smaller  size  pipes  and  conduits.  The  larger  size  conduits  in  the 
system  are  relatively  free  from  the  above-mentioned  problems. 
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Maintenance  personnel  of  the  Sever  Division  indicate  that  the  West 
Side  Interceptor  in  Dalton  Street,  adjacent  to  the  Prudential  Center  site, 
is  in  bad  condition.  At  present,  the  City  of  Boston  plans  to  abandon  this 
section  of  the  Interceptor  and  relocate  it. 

Tidewater  infiltration  into  the  Boston  Main  Drainage  System  adjacent 
to  the  ■^s'aterf ront ,  mostly  through  faulty  tide  gates,  has  long  been  recognized 
as  a  problem.  The  major  source  is  presumed  to  be  leakage  through  faulty 
gates.  Hoirever,  the  tide  gates  along  the  West  Side  Interceptor  have  been 
replaced  vithin  the  last  7  or  8  years  which  has  considerably  reduced  the 
problem  in  this  Area.  Only  two  of  all  the  regulators  originally  in  the 
sewer  system  are  now  functioning,  and  most  of  the  remaining  regulators  have 
been  removed  from  the  chambers.  As  a  result  of  these  conditions  the  Public 
Works  Department  through  the  Sewer  Division  has  contemplated  a  study  and 
report  upon  the  condition  of  the  tide  gates  and  regulator  structures.  In 
addition,  it  is  understood  that  the  City  contemplates  undertaking  an  extensive 
study  of  the  entire  system. 

Many  of  the  sewers,  particularly  those  of  brick  construction,  due  to  age 
and  relatively  shallow  cover,  are  subject  to  the  possibility  of  structural 
failure  due  to  modem  heavy  loads  and  vibrations.  For  this  reason,  sewers 
in  those  streets  that  will  be  repaved  or  reconstructed  in  the  process  of 
urban  renewal,  should  be  checked,  in  addition  to  capacity  requirements,  for 
depth  of  cover  and  structural  soundness,  before  a  final  decision  is  made 
regarding  need  for  reconstruction.  This  type  of  investigation  has  been 
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undertaken  by  the  Sewer  Division  in  conjunction  \rlth   the  Department  of 
Public  V7orks  street  improvement  program.  A  preliminary  phase  of  this 
program  is  an  inspection  and/or  evaluation;,  by  the  Sever  Division,  of  the 
sever  and  storm  drain  system  in  each  street  where  repavement  or  major 
street  ic^rovements  are  planned.  The  sewers  have  been  evaluated  -i-dth 
regard  to  physical  condition,  expected  liseful  life,  structural  ability 
to  \n.thstand  modem  highway  loadings,  proper  operation  regarding  present 
flows  and  the  advisability  of  construction  of  a  separate  stoim  drain  in 
the  localized  area  of  the  proposed  street  improvement. 

The  available  data  from  this  program,  as  it  relates  to  setrer  and  storm 
drains  in  the  Back  Bay  GMP  Area,  is  tabulated  by  streets  on  the  follomng 
page. 
O/erfloirs  and  Pollution 

The  main  combined  severs  in  the  Back  Bay  GKEP  Area  discharge  low  flows 
to  the  Vfest  Side  Interceptor.  Overflows  from  these  sewers,  numbered  4  through  7 
on  Exhibit  ij-T-6  and  tabulated  hereafter,  discharge  to  the  Boston  Marginal 
Conduit  through  overflow  conduits  in  Berkeley,  Dartmouth,  Fairfield  and  Here- 
ford Streets.  The  present  surcharged  condition  of  the  Boston  1-Iain  Drainage 
System  limits  the  available  capacity  of  the  West  Side  Interceptor.  This 
results  in  a  high  frequency  of  overflow  from  the  local  systems. 

The  Boston  Marginal  Conduit  vas  constructed  level  ^^rith  an  invert  eleva- 
tion of  -1.5  feet,  approximately  2'  below  mean  lav:  tide,  and  a  crown  eleva- 
tion of  6.19  feet,  approximately  4'  below  mean  high  water.  Therefore,  the 
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conduit  is  only  partial  1  y  effective  during  low  tides  anid  has  no  capacity 
\;hatsoever  during  six  hours  of  the  tide  cycle ^  or  about  ^0   percent  of  the 
tiiiG,  i-rithout  surcharge  over  the  cro-'.m  of  the  conduit.  The  Marginal  Conduit 
has  three  overflows  located  in  the  Back  Bay  Area,  numhered  1  through  3  on 
Exhibit  hj-S   and  tabulated  hereafter,  -tHiich  discharge"  to  the  Charles  River 
Basin.  These  overflows  are  controlled  by  weirs  set  at  elevation  8.5,  in 
coniparison  to  the  controlled  elevation  of  the  level  of  Basin  which  is  8.0. 
Since  the  capacity  of  the  conduit^  is  limited,  overflows  to  the  Basin  may 
be  frequent. 

Studies  made  in  conjunction  trf-th  the  report  on  "Boston  Marginal  Conduit 
Pumping  Station  -  Project  13"  in  1958 >  indicate  that  overflows  to  the  Basin 
occurred  one  day  in  every  ten  days,  or  approximately  one  quarter  of  an  days 
of  rain.  Investigations  conducted  as  part  .of  that  study  indicate  that  over- 
flotrs  from  the  Marginal  Conduit  are  a  definite  source  of  pollution  to  the 
Charles  River  Basin.  Recent  sanitary  investigations  made  in  conjunction 
with  the  Charles  River  Basin  Elevation  Control  Project  seem  to  further  confirm 
this  conclusion.  Additional  data  regarding  levels  of  pollution  in  the  Basin 
and  the  tidal  estuary  iTill  be  forthcoming  from  these  investigations.  Tiie 
proposed  MDC  pumping  station  at  the  doimstrean  terminus  of  the  Marginal 
Conduit  to  pump  the  flow  against  the  tide  will  reduce  pollution  by  reducing 
the  frequency  of  overflow  to  the  Basin.  The  operation  of  the  MDC  Sewerage 
System,  by  lowering  the  surcharged  condition  of  the  Boston  Main  Drainage  System, 
mil  significantly  reduce  the  frequency  of  overflow  to  the  Marginal  Conduit, 
thereby  reducing  pollution  in  both  the  Basin  and  the  tidal  estuary.  Provision 
of  separate  sanitary  sewerage  systems  in  the  Back  Bay  \rill   further  reduce 
/  pollution  in  these  waters,  and  increase  the  effective  capacity  of  the  West 
Side  Interceptor. 
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Separation  of  Systeias 

Separation  in  this  Area  mil  require  the  construction  of  main  sanitary 
severs  parallel  to  the  nain  ccribinsd.  severs  in  Berkeley,  Dartmouth.  Fairfield, 
and  Hereford  Streets,  and  the  construction  of  a  system  of  lateral  severs 
connecting  to  these  main  conduits.  The  existing  combined  severs  can  "be 
converted  to  storm  drains.  To  effectively  provide  completely  separate 
systems,  the  plxjmhing  of  many  "buildings  ■'.■rill  have  to  he  revised  to  separate 
yard  and  roof  drainage  from  sanitary  flo-^-rs.  This  may  he  accomplished,  at 
least  in  part,  hy  the  rehahilitation  program.  Ti".^;  first  step,  hovever, 
must  he  to  provide  separate  systems  in  the  streets. 

The  total  cost  of  providing  separate  sanitary  seirers  throughout  the 
Back  Bay  Area  will  range  from  $2,500,000  to  $3,000,000,  and  vill  involve 
approximately  l8  miles  of  sever  construction.  In  addition,  the  existing 
combined  sewers  \rlll   require  some  reconstruction,  repair,  and  modification 
to  utilize  them  effectively  as  storm  drains.  The  extent  of  these  revisions 
can  only  he  determined  after  the  condition  and  flov  in  the  conduits  is  loio^m. 
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CONCLUSIONS 

In  sucnary  it  appears  that  several  concliisions  nay  be  dravna  on.  the 
basis  of  the  iriiOnnation  available. 

It  is  concluded  that: 

a.  Approximately  30  to  kO   percent  of  the  Back  Bay  GITSF  Area  is  served 

by  a  separate  sanitary  sei-rerage  system  discharging  to  the  West  Side  Interceptor. 

b.  The  reiaainder  of  the  Area  is  served  'oy  combined  sewers  discharging 
lo\-r  flovs  to  the  West  Side  Interceptor  and  overflovs  to  the  Boston  Marginal 
Conduit. 

c.  Recent  surcharging  in  the  West  Side  Interceptor  is  attributed  to 
infiltration  through  the  conduit^  entrance  of  tide-'.rater  through  faulty  tide 
gates  in  other  parts  of  the  system^  and  the  inability  of  the  Calf  Pasture 
pumping  facilities  to  handle  the  discharge  due  to  their  frequent  need  of 
repair.  Completion  of  the  Metropolitan  District  Commission  Plan  vrill 
eliminate  the  need  for  the  Calf  Pasture  Pamping  Facilities. 

d.  ITne  Metropolitain  District  Commission  Sewerage  Plan,  -when  complete 
and  in  operation,  mil  provide  significant  relief  of  the  West  Side  Interceptor 
by  diversion  of  flow  to  the  Boston  Main  Drainage  Relief  Sewer.  This  diversion 
will  probably  result  in  a  substantial  reduction  in  the  existing  surcharged 
condition. 

.'e.  The  main  combined  sewers  are  generally  adequate  for  storm  frequencies 
of  from  10  to  25  years. 

f .  Flow  measurements  at  selected  points  throughout  the  systems  are 
necessary  to  serx^e  as  a  sound  basis  for  hydraulic  analysis  of  flows  to 
evaluate  the  adequacy  of  individual  conduits. 
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g.  Details  of  overflow  structures  aiid  sei-rer  conduits  are  not  available 
in  several  locations  vhere  this  data  is  necessary  for  analysis  of  the  systeras. 
This  data  mil  he  necessary  for  further  analysis  of  the  system. 

h.  Occurrence  of  overflows  from  the  local  combined  system  to  the 
Boston  Llarginal  Conduit  may  be  frequent  as  a  result  of  the  surcharged 
condition  of  the  West  Side  Interceptor. 

i.  Previous  studies  indicate  that  the  Boston  Marginal  Conduit  over- 
flows to  the  Charles  River  Basin  approximately  one  day  in  every  ten  days, 
or  approrimately  one  quarter  of  all  days  of  rain. 

j.  The  overflows  from  the  Boston  Marginal  Conduit  are  definite  sources 
of  pollution  to  the  Charles  River  Basin. 

k.  The  operation  of  the  MDC  Sewerage  System  mil  significantly  reduce 
the  frequency  of  overflow  to  the  Marginal  Conduit,  thereby  reducing  pollution 
in  both  the  Charles  River  Basin  and  the  tidal  estuary. 

1.   Construction  of  the  Proposed  Boston  Llarginal  Conduit  Pumping  Station 
by  the  MDC  mil  significantly  reduce  the  frequency  of  overfloi-rs  and  resultant 
pollution  to  the  Charles  River  Basin,  as  well  as  surcharging  in  the  local 
combined  systems. 

m.  The  Charles  River  Basin  Elevation  Control  Project  mil  prevent  the 
re-occurrence  of  flooding  of  low  areas  in  the  Back  Bay  as  resulted  from 
hurricane  storms  in  195^  a^<3.  1955  • 

n.  ifone  of  the  regulator  chambers  in  the  Back  Bay  GKRP  Area  contain 
regulators . 


o.  The  pliysical  condition  of  the  conduits,  most  of  vhich  are  50  to 
90  years  old,  is  essentially  unlaioim.  Sufficient  data  is  not  available 
to  effectively  analyze  the  phj'^sical  condition  of  these  systems. 

p.  Provision  of  separate  systems  throughout  the  Back  Bay  Area  would 
result  in  the  near  elimination  of  overflows  of  sewage  to  receiving  -j-Taters, 
and  increase  the  effective  capacity  of  the  West  Side  Interceptor.  The  cost 
of  providing  this  separation  exclusive  of  costs  of  reconstruction  or  repair 
of  e:dLsting  conduits,  due  to  poor^  condition  or  inadequacy,  ^-rill  range  from 
2.5  to  3  million  dollars. 
RECOMT'EKDAiriOKS 

In  summary,  on  the  "basis  of  available  information,  it  appears  that  the 
best  interests  of  the  Development  Program  Tn.ll  be  served  oy   the  follOTnLng 
recommendations . 

It  is  recommended  that: 

a.  A  program  of  gaugings  and  field  observations  be  undertaken  at 
selected  points  in  the  systems  to  provide  a  determination  of  typical  dry 
weather  flows  and  storm  flow  conditions  for  present. land  use. 

b.  A  field  inspection  survey  of  the  physical  condition  of  the  conduits 
be  undertaken.  Emphasis  in  this  survey  should  be  placed  on  major  conduits, 
particiilarly  the  West  Side  Interceptor,  and  the  systems  in  those  areas 
planned  for  redevelopment,  extensive  rehabilitation,  or  Tjhere  either  mil 
cause  an  extensive  change  in  land  use  patterns.  Prior  to  undertaking  this 
program,  an  evaluation  shoxild  be  made  of  the  condition  data  previously 
obtained  in  other  Rene\7al  Areas,  and  other  data  that  may  become  available 

■from  investigations  by  the  Sewer  Division. 
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c.  Provision  be  made  in  future  studies  for  a  field  detemination  of 
details  of  selected  overflov  structures  and  se-s-rer  conduits  vhere  the  data 
is  not  knov?n  and  is  necessary  for  analysis  of  the  systeEs. 

d.  Regulator  chambers  in  the  Back  Bay  Area  be  inspected  and  the 
regulators  replaced  and  the  chaitiber  be  repaired  or  reconstructed  as  required, 
consonant  \r±th   the  final  plan  for  modification  of  the  systems. 

e.  Separate  systems  for  sanitary  sei-Tage  and  storm  flow  be  provided  to 
the  maximum  extent  practicable,  depending  upon:  future  land  use  planning, 
the  extent  of  reconstruction  of  streets,  condition  of  existing  sewers,  the 
extent  of  other  utility  work  required  in  the  area,  and  the  extent  to  which 
separation  of  existing  building  drainage  is  effected  under  the  rehabilita- 
tion program. 

f .  j'n  overall  study  be  initiated  to  determine  the  combined  effect 
that  the  operation  of  the  tCDC  system,  and  the  Urban  Rene-iv-al  Program  mil 
have  upon  flows  in  the  Boston  Main  Drainage  System. 


EXHIBIT  47-4 


TYPICAL  SECTIONS 
EXISTING  SEWERS 
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WAJER  SYSTEMS 
GENERAL 

The  City  of  Boston,  in  l8k8,   obtained  its  municipal  vater  supply  from 
Lal&e  Cochituate  throiigh  the  Cochituate  Aqueduct  and  the  Brookline  Reservoir. 
In  order  to  maintain  satisfactory  service,  the  City  found  it  necessary,  in 
1866,  to  construct  the  Chestnut  Hill  distributing  reservoir  and,  subsequently, 
additional  reservoirs  on  the  Sudbury  River  with  the  Sudbury  Aqueduct  feeding 
the  Chestnut  Hill  Reservoir. 

The  Metropolitan  Water  District  vas  formed  in  l895»  and  by  I908  the 
Wachusett  Dam,  Reservoir  and  Aqueduct  had  been  completed.  The  Metropolitan 
District  Water  Supply  Commission  was  formed  in  1926,  and  since  then  has 
built  many  of  the  present  day  facilities,  such  as  the  Swift  and  Quabbin 
Reservoirs,  the  Wachusett-Coldbrook  Tunnel  and  the  City  Tunnel.  These 
feuiilities  are  presently  under  the  control  of  the  Metropolitan  District 
Conmission  (MDC). 
METTROPOLITAN  DISTRICT  COMMISSION  SYSPM 

The  Water  Division  of  the  Metropolitan  District  Commission  is  re- 
sponsible for  collecting,  storing,  conveying,  and  distributing  water  to  the 
City  of  Boston  and  other  metropolitan  cities  and  towns. 

The  entire  water  supply  is  obtained  from  four  watersheds;  namely,  the 
Swift,  Ware,  Nashua,  and  Sudbury  Rivers,  in  the  western  part  of  the  State, 
The  reservoirs  of  these  watersheds  have  a  combined  storage  of  U96  billion 
gallons  of  water  and  a  safe  yield  of  3^0  million  gallons  per  day.  The  total 
consumption  of  the  Metropolitan  District  is  approximately  223  million  gallons 
per  day,  while  the  total  consumption  by  the  City  of  Boston  is  in  the  range  of 
120  million  gallons  per  day,  or  about  17O  gallons  per  capita. 


36 


Water  is  supplied  to  the  Metropolitan  Area  frcm  Qxiabbin  Reservoir  oa 
the  Swift  River,  through  the  Quabbin  Aqueduct  to  the  Wachusett  Reservoir 
on  the  Nashua  River  at  Clinton.  From  the  Wachusett  Reservoir  it  continues 
through  the  Wachusett  Aqueduct  into  the  Weston  and  Hultman  Aqueducts.  The 
Hultnan  Aqueduct,  referred  to  as  the  "Pressure  Aqueduct,"  continues  east- 
ward to  the  Norumbega  Reservoir,  and  then  through  the  City  Tunnel  to 
Chestnut  Hill.  The  Weston  Aqueduct  terminates  at  the  Weston  Reservoir, 
from  which  water  flows  directly  into  the  MDC  distribution  mains. 

The  MDC  supplies  six  separate  services  to  the  Metropolitan  Area;  two 
are  supplied  by  gravity  and  the  other  four  are  pumped  from  the  two  gravity 
services.  The  two  gravity  services  are  the  Low  Service  and  the  Southern 
High  Service.  The  Low  Service  is  further  geographically  subdivided  into 
the  Southern  and  Northern  Low  Services.  Of  the  six  services,  the  Low 
Service,  Southern  High  Service,  Northern  High  Service,  and  the  Southern 
Extra  Hi^  Service  supply  the  City  of  Boston.  Only  the  Southern  Low  Service 
and  the  Southern  High  Service  serve  the  Back  Bay  QNSP  Area. 

The  Southern  Low  Service  supplies  City  Proper,  Roxbury,  South  Boston, 
Brighton,  West  Roxbuiy,  and  Dorchester  by  gravity  from  the  Weston  Aqueduct 
by  means  of  60  inch  and  kQ   inch  lines.  Connections  at  the  shafts  on  the 
6ity  Tunnel  at  Chestnut  Hill  are  used  to  supplement  the  supply  to  the  low 
service  through  the  use  of  regulators.  In  eiddltion,  the  service  can  be 
supplied  from  the  Chestnut  Hill  Low  Service  Pumping  Station;  however,  this 
source  of  supply  is  usually  held  in  reserve. 
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The  Southern  High  Service,  in  addition  to  fringe  areas,  supplies  a 
large  section  of  Boston,  including  Brighton,  Roxbury,  West  Roxbury, 
Dorchester,  and  Hyde  Pcurk  by  gravity  from  the  Nojrumbega  Reservoir,  through 
the  City  Tunnel,  to  Chestnut  Hill.  In  periods  of  peak  demand,  usually 
during  the  summer  months,  the  High  Service  Pumping  Stati<m  at  Chestnut 
Hill,  supplied  by  the  Chestnut  Hill  Reservoir,  supplements  this  service, 
cm  OF  BOSTON  sisriM 

The  water  system  in  the  City  of  Boston  is  owned  and  operated  by  the 
City  of  Boston.  The  system  is  administered  by  Mr.  James  W,  Haley, 
Commissioner  of  Public  Works.  The  Water  Division  of  the  Public  Works 
Depeurtment  is  under  the  direction  of  Mr.  Edward  Pinkul,  Water  Division 
Engineer,  and  consists  of  the  Engineering  Branch,  the  Distribution 
Branch,  and  the  Incane  Branch.  The  Distribution  Branch  is  subdivided 
Into  three  maintenance  areas;  each  responsible  for  the  distribution 
system  in  a  specific  section  of  the  City,  including  Boston  Redevelopment 
Authority  designated  areas,  as  follows: 

AREA  I  -  includes  the  Downtown,  East  Boston,  Roxbury-North  Dorchester, 
Back  Bay,  and  Parker- Hill-Fenway  OfRP  Areas,  a  small  northern  section  of 
the  Jamaica  Plain  GNRP  Area,  and  the  South  End  Project  Area.  The  maintenance 
yard  for  Area  I  is  located  at  710  Albany  Street,  with  Mr.  Albert  McCann, 
Area  Supervisor,  In  charge. 

AREA  II  -  Includes  the  remaining  portion  of  the  Jamaica  Fleiln  GNRP 
Area  not  Included  in  Area  I.  The  mEdJitenance  yard  Is  located  at  Forest 
Hills*  Mr.  Phillip  Reddy  is  the  Area  Supervisor. 
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AREA  III  -  includes  all  of  the  South  Boston  and  the  eastern  part  of 
the  Roxbury-North  Dorchester  GNRP  Ai^as.  The  maintenance  yeird  for  this 
area  is  located  on  Hancock  Street  in  Dorchester ,  and  is  under  the  direc- 
tion of  Mr.  Edward  Beclcworth,  Area  Supervisor. 
BACK  BAT  GNRP  AREA 

The  Southern  Low  Service  and  the  Southern  High  Service  supply  the 
Back  Bay  GHURP  Area  and  are  described  hereeifter. 
Southern  Lov  Service 

This  service,  consisting  of  mains  ranging  in  size  from  6  inch  to 
k8   inch  in  diameter,  extends  throughout  the  majority  of  the  GNRP  Area,  and 
delivers  approximately  90  percent  of  the  total  water  consumed  in  the  Back 
Bay.  A  total  of  2.72  miles  of  low  service  water  main,  l6  inch  and  greater 
in  diameter,  exists  in  the  Area  in  the  following  distribution:  O.87  miles 
of  16  inch,  0.92  miles  of  kO   inch,  and  O.93  miles  of  kS   inch.  Most  of 
these  lov  service  mains  were  laid  from  1920  to  19^40  with  a  considerable 
length  of  the  kO   inch  main  dating  back  as  tax  as  18^9  • 

A  limited  number  of  pressures  measured  ajid  recoirded  in  19^0  by  the 
National  Board  of  Pire  Underwriters  (NBPU),  varied  from  25  to  65  psi  through- 
out the  entire  service  and  from  50  to  60  psi  in  the  GNRP  Area.  The  present 
range  of  pressures  in  the  Area  may  differ  some^diat  due  to  the  limited  number 
of  tests  conducted  by  the  NBFU,  and  adjustments  made  at  MDC  reservoirs, 
pumping  stations,  and  flow  regulators. 
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The  majority  of  the  lov  service  mains,  l6  Inches  and  larger,  are  un- 
llned  cast  Iron;  however,  a  small  percentage  is  cement  lined.  These  mains 
provide  most  of  the  domestic,  commercial,  manufacturing  supply,  and  fire 
protection  to  the  GNEP  Area. 

Three  low  service  trunk  mains  listed  hereafter,  and  shown  In  Exhibit 
U7-7,  extend  Into  and  through  the  Back  Bay  GWRP  Area.  These  trunk  mains, 
hy  divergency  and  Interconnection,  having  partially  supplied  the  Parker 
Hill-Fenway  Area,  provide  the  low  service  supply  to  Back  Bay  euad,  in  addi- 
tion, supply  the  South  End,  the  downtown  areas,  and  South  Boston. 

1.  A  'id  inch  main  extends  along  Commonwealth  Avenue  throughout 
the  Back  Bay  GNBP  Area.  This  main  provides  a  substantial 
siqrply  to  Back  Bay  and  the  downtown  aresis. 
2*  A  2^^  inch  main  begins  at  the  hQ   inch  main  in  Commonwealth 
Avenvie  at  Massachusetts  Avenue,  follows  Massachusetts 
Avenue,  reduces  to  a  20  inch  main  on  the  Nev  York 
Central  Railroad  bridge,  increeises  to  2k   Inches,  then 
follows  Massachusetts  Avenue  to  a  point  where  it  con- 
nects to  the  UQ   inch  main  in  Tremont  Street.  This  main 
serves  primarily  gus  a  cross  connection  between  the  U8   inch 
main  in  Tremont  Street,  and  the  kQ   inch  main  in  Commonwealth 
Avenue. 
3.  A  40  inch  main  extends  along  Beacon  Street  throughout  the 
Back  Bay  GNBP  Area.  This  main,  in  conjunction  with  the 
k8   inch  main  in  Coomonwealth  Avenue,  provides  a  principal 
supply  to  Back  Bay  and  the  downtown  areas. 
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Southern  High  Service 

This  service,  consisting  of  mains  ranging  In  size  from  6  Inches  to 
k2   Inches  In  diameter,  supplies  localized  portions  of  the  GNRP  Area  and 
delivers  approximately  10  percent  of  the  total  vater  consumed  In  the  Back 
Bay.  A  total  of  2.23  miles  of  high  service  mains,  l6  Inches  and  greater 
In  diameter,  exists  In  the  Area  In  the  following  distribution:  1.1^ 
miles  of  16-20  inch,  0.04  miles  of  2k   Inch,  and  1.06  miles  of  k2   inch. 
Most  of  these  high  service  mains  were  laid  from  I889  to  1920.  However, 
a  considerable  length  of  the  k2   inch  main  was  laid  in  1939* 

A  limited  number  of  piressures,  measured  and  recorded  in  1950  by  the  NBFU, 
varied  from  I8  to  95  psi  throughout  the  entire  service  and  from  60  to  75  psi 
in  the  GNRP  Area.  The  present  range  of  pressures  may  differ  somewhat  due  to 
the  limited  number  of  tests,  conducted  by  the  NBFU,  and  adjustments  made  at 
MDC  reservoirs,  pumping  stations,  emd  flow  regulators. 

The  majority  of  the  high  service  mains,  16  inches  and  larger,  are  un- 
lined  cast  iron;  however,  a  small  percentage  is  steel.  These  mains  svrpple- 
ment  the  low  service  for  domestic  and  commercial  supply  and  fire  protection, 
in  limited  portions  of  the  Area. 

Two  high  service  trunk  mains  listed  hereafter  and  shown  in  Exhibit  kj-J, 
extend  into  and  through  the  Back  Bay  GNRP  Area.  These  trunk  mains,  by 
divergency  and  interconnection,  having  supplied  the  Parker  Hill-Fenway  Area, 
and  to  a  minor  extent  South  End,  provide  the  high  service  supply  to  Back 
Bay  and  the  downtown  areas. 
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1.  A  h2   Inch  main  enters  the  Area  In  St.  Botolph  Street  at 
Massachusetts  Avenue  and  follows  St.  Botolph  Street, 
Irvlngton  Street,  Huntington  Avenue,  reduces  to  a  36 
Inch  main  across  Boylston  Street,  then  increases  to 
k2   inches  along  Clarendon  and  Newbury  Streets,  through 
the  Back  Bay  GNRP  Area.  This  main  is  the  principal 
high  service  supply  to  Back  Bay  and  the  downtown  areas. 

2*  A  20  inch  main  enters  the  area  in  Huntington  Avenue 
at  Massachusetts  Avenue  and  follows  Huntington  Avenue 
and  Boylston  Street  through  the  Back  Bay  OIPP  Area. 
This  main  serves  primarily  as  the  local  distributor 
of  high  service,  from  the  k2   inch  main. 

3.  A  20  inch  main  is  connected  to  the  aforementioned 
20  inch  main  in  Huntington  Avenue  at  Massachusetts 
Avenue,  increases  to  a  2k   inch  main,  then  follows 
Massachusetts  Avenue  to  the  south  and  connects  to 
the  30  inch  main  in  Columbus  Avenue.  This  main 
serves  primarily  as  a  cross  connection  between 
the  20  inch  main  in  Huntington  Avenue  and  the  30 
inch  m&in  in  Columbus  Avenue. 
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Interconnection  of  Services 

The  low  service  and  the  high  service  are  Interconnected  through 
division  gates,  normally  closed  to  maintain  the  pressure  differential,  at 
several  points  in  the  system,  insuring  sv5»plementary  fire  protection  and 
domestic  supply  in  the  event  of  failure  of  either  service.  There  is  one 
division  gate  In  the  GMP  Area  located  at  Clarendon  Street  and  St.  James 
Avenue,  connecting  a  12  inch  high  service  main  to  a  12  inch  low  service 
main. 
ANALYSIS  OF  EXISTING  SYSTEMS 

The  existing  data  regarding  the  water  system  heis  been  compiled  from  a 
variety  of  sources  which  are  categorized  as  follows:  records  of  main 
failures,  water  waste  survey  reports,  fire  flow  tests,  pressure  records, 
personal  Interviews  with  City  Water  Division  personnel,  records  of  water 
main  cleaning,  the  1951  National  Board  of  Fire  Underwriters  (NBFU)  "Report 
to  the  City  of  Boston,"  the  Capital  Improvements  Program  of  the  City  Water 
Division,  and  the  Analysis  of  Metropolitem  District  Commission  Water*  Records 
specifically  concerned  with  condition  of  mains  or  detailed  water  main  condi- 
tion data  do  not  exist.  A  discussion  of  each  category  of  available  data 
follows : 
Main  Failures 

This  infoxmation  is  avELllable  in  memo  fozm  and  lists  the  time,  date, 
size,  location,  and  type  of  break.  The  breaks  and  leaks  are  listed  as 
three  types:  (l)  Joint  leak,  a  withdrawal  of  caulking  material  from  the 
bell  and  spigot;  (2)  CircumferentieJ.  or  circular  breeik;  (3)  Longitudinal 
or  lengthwise  break.  The  locations  of  the  various  type  failures  are  shown 
in  Exhibit  1*7-7. 
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Although  the  type  of  break  is  readily  apparent,  the  cause  is  influeaced 
by  many  variables  inherent  in  the  manuf actui« ,  laying,  and  environment  of 
the  main. 

The  following  lists  some  of  the  causes  of  the  various  types  of  failures: 

Joint  Leak;  Improper  cavilking  or  bedding  during  construction,  inter- 
ference by  other  underground  construction,  periods  of  high  vater  temperature, 
caulking  cojnpound  failures,  corrosion,  pipe  settlement  euid  traffic  induced 
vibrations . 

Circumferential  Break;  Faulty  bedding  during  construction,  inter- 
ference by  other  underground  construction,  periods  of  cold  weather  euid 
low  vater  temperature,  ground  movement,  corrosion  and  pipe  material 
failure. 

Longitudinal  Break;  Interference  by  other  underground  construction, 
excessive  pressure,  corrosion  and  pipe  material  failure. 

Data  on  main  failures  are  being  collected,  aneilyzed,  and  evaluated  for 
all  the  fflJRP  Areas.  The  final  report  will  include  these  data  and  their 
evaluation  since  data  for  an  Area  individually  is  not  extensive  enough  to  be 
conclusive.  Preliminary  investigations  do,  however,  give  an  indication  of 
the  results  and  conclusions  that  may  be  drawn.  The  following  tabulations 
Indicate  pertinent  data  relative  to  the  Back  Bay  GNRP  Area. 
MAIN  FAILURES  19^h-lS62 
(16  inches  and  larger) 

Total  Miles    Total  Feiilures    Av.  Pressvire    Failures/Mile 
HS.     2.25  3  70  psi         1.33 

LS.    2.72  0  55  psi        ,  0.00 
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JOINT  LEAKS  BY  AGE 

(16  Inch  and  larger) 

193^  -  1962 


A§e 

High 
Miles 
Main 

Service 
Leaks 

Leaki 
Mile 

101-110 

0.00 

0 

0.00 

91-100 

0.00 

0 

0.00 

81-90 

0.00 

0 

0.00 

71-80 

0.7^+ 

0 

0.00 

61-70 

0.62 

2 

3.21 

51-60 

0.03 

0 

0.00 

lH-50 

0.15 

0 

0.00 

31-lK) 

0.00 

0 

0.00 

21-30 

0.50 

0 

0.00 

11-20 

0.21 

0 

0.00 

Low  Service 


Miles 
Main 

Leaks 

Leaks/ 
Mile 

0.92 

0 

0.00 

0.00 

0 

0.00 

0.21 

0 

0.00 

0.18 

0 

0.00 

0.00 

0 

0.00 

0.03 

0 

0.00 

0.00 

0 

0.00 

0.78 

0 

0.00 

0.59 

0 

0.00 

0.01 

0 

0.00 

circumferential  and  longitudinal  failures  are  not  of  significant  numbers 
to  be  presented  here,  hut  vill  he  considered  in  the  overall  analysis  of  the 
system. 

The  following  conclusions  are  Indicated  from  a  review  of  the  preceding 
tables  and  Eidilhit  47-7.  Although  the  data  presented  is  limited,  the 
conclusions  do  follow  general  trends  established  in  previous  reports. 

1.  The  failure  per  mile  ratio  is  greater  in  the  high  pressure 
service  than  in  the  low  pressure  service. 

2.  The  high  incidence  of  main  failures,  reported  along  Bqylston 
Street  and  Huntington  Avenue,  as  shown  in  Exhibit  47-7 ^  nay 
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be  the  result  of  concentrated  MTA  facilities  and  recent 

construction  activity  in  those  axeas. 
3,  Joint  leaks  occurred  mostly  in  mains  12"  and  larger. 
k.     Structural  (longitudinal  and  circvmiferential  breaks)  failures 

occurred  mostly  in  mains  12"  and  smaller. 

5.  Mains  l6  inches  in  diameter  and  greater  in  the  low  service 
did  not  require  major  maintenance. 

6.  Possibly  more  definite  trends  and  some  empiriceG.  relation- 
ships can  be  developed  with  the  analysis  of  data  from  all 
the  GHIBP  Areas  to  aid  in  establishing  a  useful  life  for 
water  mains  in  the  Boston  System. 

Water  Wagte  Surveys 

The  first  water  waste  survey  In  Boston  was  conducted  in  1920  by 
Pitometer  Associates  of  New  York.  Since  that  time  similar  surveys  were 
conducted  in  19^  and  I96O. 

The  primary  purpose  of  the  water  waste  survey  is  to  locate  undetected 
leaks  In  the  various  districts  throughout  the  system.  Leaks  in  mains,  under- 
registration  of  meters,  illegal  water  connections,  closed  valves  and  faulty 
valves  have  been  reported  as  a  result  of  these  surveys.  The  investigation 
usually  is  limited  to  the  smaller  mains,  up  to  12  inches  in  diameter. 

In  the  surveys  of  192O  and  19^0,  it  was  the  practice  to  make  2k  hour 
measurements  of  flow;  however,  this  practice  has  been  discontinued  and 
only  short  duration  meastiz^ments  are  now  made  since  excessive  sedimentation 
and  Incrustation  In  the  smaller  mains  causes  plugging  of  the  pitcaneter 
during  extended  test  periods. 
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As  part  of  the  vater  waste  survey,  pitometers  are  introduced  into  the 
mains  at  gauging  polngs  to  measure  velocities  of  flow  in  increments  across 
the  diameter  of  the  pipe.  These  velocities  are  then  used  to  detexmine  the 
velocity  factor  (a  ratio  of  the  present  average  velocity  to  the  theoretical 
average  velocity  of  new  pipe).  In  recent  surveys,  prior  to  velocity  measure- 
ments, physical  meeisurements  were  made  of  Incziistation  and  inside  diameter 
of  pipe  from  solid  metELL  to  solid  metal. 

These  data,  the  velocity  factor  and  measurement  of  incrustation  may  he 
used  in  evaluating  the  effect  of  age  on  pipe  capacity;  however,  sufficient 
data  heis  not  heen  assembled  at  this  time  to  permit  conclusions  to  he  drawn. 

Data  regarding  leakage  discovered,  miles  of  main  investigated,  and 
total  dally  consun^rtion  for  each  survey  district,  were  assembled  from  the 
water  waste  survey  reports  of  1920,  19'<0,  and  196O,  and  analyzed  for  the 
Back  Bay  GNRP  Area.  Although  the  data  presented  is  such,  that  each  category 
of  data  cannot  he  directly  cooipared  and  evaluated  for  a  ^  year  period,  a 
number  of  general  trends  and  conclusions  sire  indicated. 

The  reports  indicate  that: 

1.  Leeikage  was  discovered  only  in  the  19^  survey  and  was 
limited  entirely  to  the  low  service. 

2.  No  major  leaks  were  discovered  as  a  resvilt  of  the  I96O  survey. 
3*  Water  demands  in  this  GNBP  Area  have  been  steadily  increasing 

by  a  rate  of  40  percent  per  20  year  period. 
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From  the  data  presented  here,  together  with  other  related  data.  It 
appears  that  the  major  cooiponents  of  the  distribution  system  are  structurally 
Boxind.  However,  present  known  data  is  not  sufficient  to  penoit  an  evaluation 
of  physical  condition,  to  the  degree  of  accuracy  necessary  to  make  a 
determination  of  useful  life. 
Fire  Flow  Tests 

One  of  the  most  direct  methods  of  determining  the  hydraulic  performance 
of  existing  distribution  systems  is  to  conduct  fire  flow  tests.  The  ability 
of  the  mains  to  deliver  the  required  flows  can  be  readily  sissessed  by  a 
limited  number  of  these  tests. 

The  Bade  Bay  (2JRP  Area  contains  a  large  number  of  four  and  five  story 
masonry  residential  structures,  commercisLL  and  minor  industrial  districts 
along  principal  thoroughf E^res ,  and  an  e^ctensive  institutional  district 
located  in  the  southern  section  of  the  Area.  Requirements  of  the  NBFU 
indicate  a  flow  of  5OOO  gpm  at  20  psi,  from  a  group  of  hydrants  that  might 
be  utilized  in  fighting  a  serious  fire,  to  be  adequate  for  this  type  area. 

In  Report  Nuniber  I58,  May  1951*  "tlie  National  Board  of  Fire  Underwriters 
presented  the  results  of  group  hydrant  flow  tests  conducted  throughout  the 
City  of  Boston.  Two  of  the  group  test  locations  conducted  by  the  NBFU,  and 
one  single  hydrant  flow  test  conducted  by  the  City  of  Boston  Water  Division 
since  that  time,  are  within  the  limits  of  the  Back  Bay  GNRP  Area.  The  loca* 
tions  and  results  of  these  tests  are  shown  in  Exhibit  ^^T-T*  together  with 
cipher  pertinent  data  observed  at  the  time  of  the  test. 
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The  test  by  the  City  of  Boston  was  conducted  at  Commonvealth  Avenue 
and  Exeter  Street,  with  a  single  hydrant  flowing,  in  order  to  yield  specific 
information  needed  by  the  Water  Division  in  operating  the  distribution  system, 
and  as  an  indication  of  fire  protection  available.  It  resulted  in  a  flow 
of  2300  gpm  at  20  psi,  -vriiich  satisfies  the  requirement  of  1000  gpm  needed 
to  support  four  separate  fire  streams  or  a  modem  fire  pumper  apparatus. 
The  results  of  the  single  hydrant  test  further  indicates  that  if  a  group 
Of  hydrants  were  flowing  at  that  location,  as  required  by  NBFU  criteria  for 
determination  of  adequacy  of  fire  protection,  they  would  undoubtedly  satis- 
fy the  5000  gpm  NBFU  group  test  requirement  for  Back  Bay. 

The  results  of  the  two  group  hydrant  flow  tests  conducted  by  the  NBFU, 
on  the  low  service,  indicate  considerable  strength  in  the  system  at  these 
locations.  The  test  at  St.  Botolph  and  Garrison  Streets  produced  a  flow 
of  7700  gpm  at  20  psi  and  the  test  at  Beacon  and  Gloucester  Streets  produced 
a  flow  of  9600  gpm  at  20  psi. 

Plow  tests  in  the  low  service  system  and  other  related  data  indicates 
that  strength  in  the  larger  arteries  and  in  the  gridiron  of  smaller  mains  ^ 
in  the  vlcimty  of  these  tests,  is  sufficient  to  produce  adequate  flows. 
However,  due  to  the  limited  number  of  flow  tests  available,  it  cannot  be 
detexmined  at  this  time  whether  deficiencies  in  fire  protection  exist  in 
the  system  of  high  service  ^n*^^r«  or  the  gridiron  of  smaller,  mains  in  the 
remainder  of  the  low  service  area. 
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Pressure  Records 

Pressure  records  of  both  the  low  service  and  high  service  axe  maintained 
at  several  locations  in  the  City.  A  reviev  of  the  records  extending  back  30 
yeara   indicated  no  trend  of  pressure  variation.  This  is  due  to  adjxistments 
made  at  MDC  reservoirs,  pvmiping  stations,  and  flow  regulators. 

Several  pressure  recording  gauges  are  maintained  by  the  Water  Division 
throughout  the  City  of  Boston,  none  of  which  are  within  the  limits  of  the 
Back  Bay  (STPP  Area.  However,  static  pressures  have  been  measured  and  are 
recorded  on  plans  maintsdjied  by  the  Water  Division  in  order  to  Indicate 
weak  points  in  the  distribution  system.  There  are  none  apparent  in  the 
Back  Bay  GNPF  Area. 

Pressures  in  both  services  recorded  in  this  Area  appeeir  to  be  adequate 
for  domestic  services  £ind  fire  protection.  Current  pressure  records  and 
past  records  available  would  be  valuable  in  any  further  hydraulic  investiga- 
tion or  analysis  of  the  system. 
Personal  Interviews 

Personnel  of  the  Water  Division  were  Interviewed  to  determine  their 
points  of  view  regarding  adequacy  of  capacity,  condition,  operating  problems 
and  special  problems  of  the  system  in  the  Back  Bay  GNKP  Area.  The  opinions 
expressed  were  not  the  result  of  hydraulic  tests  or  a  thorough  analysis  of 
recoirds,  but  were  the  resvilt  of  experience  in  working  closely  with  the 
system  for  many  years.  Their  comments  and  opinions  are  summarized  as  follows: 
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1.  All  mains  l6  inches  in  diameter  and  greater,  many  60 
to  100  years  old,  are  considered  hydraulically  and 
structurally  to  be  in  good  condition;  however,  con- 
siderable tuberculation  exists  in  the  older  and  smaller 
mains.  To  remedy  this,  a  program  of  cleaning  and  cement 
lining  is  under  consideration  as  outlined  in  the  Capital 
Improvement  Program  of  the  Water  Division. 

2.  The  Metropolitan  District  CooBnisslon  mains  to  the  city 
6tre  considered  to  be  adequate  at  the  present  time. 

3*  The  City  of  Boston  transmission  mains  are  considered  to 
be  capable  of  delivering  an  adequate  volvmie  of  water  to 
the  Back  Bay  GNRP  Area  and  other  areas  of  the  City. 

km     The  construction  of  the  PrudentleLL  Center  has  provided 
pari;  of  the  Area  with  a  gridiron  of  new  water  mains, 
particularly  in  the  smaller  sizes.  None  of  the  mains 
l6  inches  or  larger  is  affected  by  this  project. 

5*  There  has  been  limited  cleaning  and  cement  lining  of  the 
existing  system  accomplished  in  recent  years  in  certain 
areas  of  the  City;  however,  none  of  the  mains  in  the  Back 
Bay  GNHP  Area  have  been  cleaned  and  cement  lined. 

6.  The  existing  system  for  the  most  part  has  a  minimum  cover 
of  five  feet.  No  freezing  of  mains  has  occurred  in  the 
past  k^   yeaxs,  except  in  minor  cases  such  as  dead  ends 
or  small  sizes. 
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Data  on  specific  deficiencies  in  the  Back  Bay  GNHP  Area,  other  than. 
those  mentioned  are  not  available  beceiuse  an  engineering  study  of  the  system 
has  not  been  made  since  Installation.  Most  problems  are  confined  to  day-to-day 
operation.  Maintenance  is  carried  on  as  the  need  becomes  readily  apparent. 
Cleaning  of  Water  Mains 

A  program  of  cleaning  approximately  100  miles  of  6  inch  to  l6  Inch  vater 
main  throughout  the  Boston  system  vas  acccorpllshed  betveen  1913  ani  1927* 
However,  none  of  the  mains  in  the  Back  Bay  distribution  system  are  Indicated 
as  having  been  cleaned. 
National  Board  of  Fire  Underwriters  Report  of  May  1951 

The  City  of  Boston  facilities  for  fli^  protection  vere  the  subject  of 
a  comprehensive  report  published  in  1951  ^7  The  National  Board  of  Fire 
Underwriters.  The  report  was  based  upon  field  tests  and  a  ccmpllatlon  of 
recorded  data  regarding  the  pertinent  facilities. 

The  water  supply  and  distribution  system  was  a  prime  consideration 
In  the  report.  Those  x>ertinent  comments  and  conclusions  included  in  the 
report  have  been  summarized  herein.  It  must  be  understood  that  these  com- 
ments and  conclusions  were  not  drawn  with  respect  to  any  sx>eclflc  section 
of  the  city,  such  as  the  GNRP  Area  covered  by  this  Interim  Report.  The 
NBFU  comments  and  conclusions  are  summarized  as  follows: 

Pertinent  Conmients;  The  gridiron  of  distributors  in  the  Southern  High 
Service  Is  generally  strong.  The  interior  of  most  pipes  is  considerably 
tubercxLLated  thereby  serlovisly  reducing  their  canying  capacity.  Considerable 
pipe  was  cleaned  In  1920  to  1927;  principally  in  East  Boston,  but  Judging 
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from  eacperience  in  other  cities,  any  gain  in  carrying  capacity  has  been 
lost*  Discharge  from  hydrants  contained  considerable  sediment* 

Breaks  in  mains  are  infrequent  and  are  generally  attributed  to  other 
underground  construction*  No  i^cent  trouble  from  electrolysis  is  reported* 
The  main  arteries  are  veil  gated  and,  on  the  distribution  mains,  valves  are 
generally  located  so  that  not  more  than  2  or  3  hydrants  would  be  affected 
by  a  broken  main*  The  average  length  of  main  vhlch  would  be  shut  off  in 
consequence  of  a  single  break,  in  representative  residential  districts, 
outside  the  congested  value  district,  would  be  590  feet* 

The  number  of  fire  flow  tests  conducted  was  limited  by  the  Water 
Division  in  order  to  minimize  the  disturbance  of  sediment  in  the  distri- 
bution system* 

Conclusions ;  An  aoiple  and  reliable  sujiply  is  provided  to  the  City 
by  the  Metropolitan  District  Coumlssion*  Pressures  are  usually  adequate 
except  for  a  few  high  locations*  The  extension  of  the  Southern  High  Service 
into  areas  served  by  the  Low  Service  provides  good  primary  supplies  for 
automatic  sprinklers,  emd  has  been  utilized  so  extensively  that  the 
maintenance  of  normal  pressure  in  this  service  is  of  prime  importance 
from  a  fire  protection  viewpoint. 

Within  the  City,  arteries  to  the  congested  value  district  eire  genersOly 
svifficient  in  number  and  capacity*  In  other  eo^as,  particularly  in  the 
outer  parts  of  the  service  limits,  additional  strength  is  warranted* 

Fire  flow  tests  Indicate  that  in  most  areas  quantities  are  generally 
satisfactory  except  neeur  the  outer  service  limits*  A  comparison  of  flow 


53 


tests  made  at  this  time  vith  those  made  during  previous  svirveys  Indicates 
that  the  carrying  capacity  of  the  pipe  is  considerably  reduced  by  tuber- 
culation.  To  make  a  more  satisfactory  study  of  the  distribution  system, 
many  more  tests  would  have  been  desirable. 

The  gridiron  of  minor  distributors  is  good  and  generally  complete. 
The  gridiron  is  strengthened  by  the  commendable  practice  of  using  no  pipe 
smaller  than  8  inch  and  installing  mainly  12  inch  in  nev  installations  and 
by  repla<:ing  smaller  pipe  with  these  sizes. 
Capital  Improvement  Programs 

A  review  of  the  water  works  phase  of  the  City  of  Boston  Capital  Improve- 
ment Program  as  prepared  by  the  Water  Division  Engineer,  indicates  that 
recommended  improvements  are  based  on  increased  population  and  fire  demands 
and  are  intended  as  an  aid  to  proposed  building  activities. 

Those  improvements  and  coranients  from  the  program  that  are  pertinent 
to  the  Back  Bay  GNRP  Area  have  been  excerpted  euid  are  summarized  hereeifter. 

Some  of  this  program  has  been  effected  to  date,  but  only  to  a  limited 

degree. 

Proposed  Improvements  &  Comments  (19^^1961 )  as  Submitted  to  the 

City  Planning  Board 

1.  Re-lay  all  6  inch  mains  laid  before  I890  and  parts  of 
the  eleven  miles  of  k  inch  to  30  inch  mains  laid  over 
100  yesurs  ago. 

2.  Six  inch  diameter  mains  in  the  older  sections  of  the  City 
were  considered  inadequate  due  to  increeised  domestic  con- 
suorption  and  fire  protection. 
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3.  The  older  sections  of  the  City  are  being  changed  from 
single  residences  to  multiple  apartments  and  rest  homes 
requiring  increased  domestic  consumption  and  greatly  in- 
creased fire  protection.  Examples  given  relative  to  the 
Back  Bay  OIRP  Area  are  in  the  vicinity  of  Ccomonvealth 
Avenue  and  Beacon  Street. 

k»     Improvements  are  proposed  to  replace  old  and  inadequate 

vater  mains  in  residential  and  business  areas  of  the  City. 

Proposed  Improvements  &  Comments  (1963-19^9)  b.b   Submitted  to  the  Boston 

Redevelopment  Authority 

1.  Clean  and  cement  line  smaller  sized  distribution  mains 
on  a  city-wide  baisis. 

2.  Re-lay  inadequate  mains  and  extend  distribution  mains  on 
a  city-vide  basis. 

3.  Extension  of  water  mains  is  necessary  to  properly  supply 
existing  domestic  and  business  requirements.  In  euHition, 
anticipated  demands  must  be  considered  to  satisfy  a  more 
reasonable  residual  pressure  for  fire  fighting  and  domestic 
purposes . 

k.     If  these  improvements  are  not  completed  within  the  next 
five  years,  an  increased  fire  hazard,  emd  detriment  to 
public  health  would  result.  It  is  estimated  that  100 
people  per  acre  would  be  without  proper  water  service. 
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5.  The  useful  life  for  each  improvement  is  estimated  to  be  a 
minimum  of  50  yecurs  for  cement  lining  and  100  years  for  nevly 
installed  mains.  The  construction  program  costs  vere 
estimated  at  $200,000  per  year  on  a  city-wide  basis  for 
each  category* 

6.  These  improvements  have  been  in  demand  for  the  past  ten  years 
and  are  needed  to  satisfy  increased  requirements  for  fire  and 
domestic  consumption. 

Analysis  of  Metropolitan  District  Commission  Water 

Corrosion  of  vater  mains  has  a  relationship  to  some  of  the  characteristics 
of  the  vater  itself.  Those  characteristics  are: 

1.  Carbon  dioxide  content. 

2.  pH  (measure  of  hydrogen-ion  concentration). 

3.  Alkalinity. 

k.     Dissolved  oxygen  content. 

5.  A  chemical  environment  conducive  to  the  growth  of  iron  bacteria. 
Although  all  of  the  aforementioned  characteristics  are  responsible  to 
some  degree  for  tuberculation  and  incrustation,  the  major  contributing 
factor  is  found  in  the  relationship  between  alkalinity,  carbon  dioxide 
content,  pH  value  and  dissolved  oxygen  content.  An  analysis  of  MDC  vater 
conducted  in  February,  I963,  by  the  Massachusetts  State  Board  of  Health 
at  the  Weston  Reservoir  terminal  chamber  indicated: 

pH  (hydrogen-ion  concentration)  6,6 

Alkalinity  (expressed  as  calcium  carbonate  hardness)     7*3  ppn 
Free  Carbon  Dioxide  content  4.0  ppm 
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These  values,  -when  plotted  on  curves  developed  by  the  Nev  York  State 
Department  of  Health  (Fig.  1  and  Fig.  2),   Indicate  that  the  water  has  a 
relatively  high  degree  of  corrosiveness . 

Alkalinity,  carbon  dioxide  content,  and  dissolved  oxygen  content  affect 
the  rate  of  corrosion  and  at  the  same  time  are  reflected  in  the  pH  value. 
Data  collected  in  1935  from  actual  field  tests  on  water  mains  in  other  cities 
by  the  Committee  of  Pipe  Coefficients  of  the  New  England  Water  Works  Association 
(NEWWA)  further  illustrates  this  correlation.  Water  with  values  of  pH  similar 
to  those  found  in  MDC  samples  indicated  a  ^k  percent  reduction  in  capacity 
for  cast  iron  mains  in  a  30  year  period.  Although  the  correlation  of  pH 
to  loss  in  capacity  is  based  on  actvial  field  conditions  fovmd  in  other  cities, 
further  adjustments  are  necessEiry  to  cootpensate  for  local  conditions. 

The  foregoing  indicates  that  unllned  cast  iron  mains  in  the  Boston  system 
may  have  a  shorter  useful  life  than  is  indicated  by  the  Hazen- Williams  pre- 
dicted average  trend. 
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Eyaluatlon  of  Existing  Mains 

Data  fran  main  failures,  vater  vaste  surveys,  fire  flow  tests,  pressure 
records  and  personal  interviews  were  analyzed,  as  an  aid  in  evaluating  the 
capacity  and  condition  of  mains  presently  in  use  in  the  Back  Bay  Area.  This 
data  indicates  generally  that  mains  l6  Inches  euad  larger  are  structurally 
sound  and  are  capable  of  delivering  strong  flows  in  most  Instances. 

Nearly  half  the  total  miles  of  main,  l6  Inches  and  larger,  in  the 
Back  Bay  GfNRP  Area,  were  laid  prior  to  19OO  and  are  considered  to  he 
tuherculated  to  sooe  extent.  However,  present  known  data  is  not  sufficient 
to  pennit  an  evaluation  of  their  physical  condition  or  capacities,  to  the 
degree  of  accuracy  necessary  to  make  a  determination  of  adequacy  and  useful 
life. 

A  preliminary  hydraulic  analysis  of  the  trunk  main  system  was  conducted 
in  the  Back  Bay  Area,  to  determine  generally,  the  adequacy  and/or  apparent 
deficiencies  of  the  letrger  sized  mains.  The  analysis  was  beised  on  "C"  values 
from  the  Hazen- Williams  predicted  average  trend,  estimated  present  and 
fature  demands,  a  100  year  economic  useful  life  of  water  mains,  and  an 
allowance  for  increased  domestic  commercial  and  fire  demands  for  the  Prudential 
Center. 

The  results  of  this  analysis  indicated: 

1.  The  do  year  old  16  inch  low  service  main  in  Exeter  Street 
may  be  approaching  its  capacity  limits  and  Is  in  need  of 
cement  lining  or  replacement. 
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2.  The  ICX)  year  old  40  inch  low  service  main  in  Beacon  Street, 
although  adequate  in  capacity  may  l)e  approaching  the  end  of 
its  useful  life  and  in  need  of  replacement.  However,  the 
results  of  field  inspection  and  field  tests  may  indicate 
this  main  to  be  in  good  condition. 

3*  The  80  year  old  2k  inch  low  service  main  in  Massachvisetts  Avenue, 
\diich  serves  primarily  as  a  cross  connection  "between  the  kQ 
inch  main  in  Tremont  Street  and  the  k8   inch  main  in  Cotnmonvealth 
Avenue,  is  considered  to  be  badly  tuberculated  and  is  estimated 
to  have  lost  over  50  percent  of  its  original  carrying  capacity. 
Although  demands  on  this  mekin  are  estimated  to  be  relatively 
small,  cleaning  and  cement  lining  of  the  main  would  result 
in  a  more  flexible  system  of  trunk  mains. 

k.     The  70  year  old  k2   inch  high  service  main  in  Huntington  Avenue 
and  Newbury  Street,  although  estimated  to  be  suiequate  in 
capacity  and  condition,  is  considered  to  be  of  vital  importance 
in  maintaining  high  service  pressure  and  supply  to  City  Proper. 
It  is,  therefore,  recommended  that  this  main  be  further  evaluated 
by  field  inspection,  where  possible,  and  by  hydraulic  tests. 

5*  The  75  year  old  20  inch  high  service  main  in  Huntington  Avenue 
and  Boylston  Street,  appears  to  be  inadequate  in  capacity  to 
meet  present  demands,  and  is  in  need  of  either  cement  lining 
or  replacement 
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It  is  recommended  that  those  portions  of  the  aforementioned  mains  to 
be  exposed  dviring  the  construction  of  the  Massachusetts  Turnpike  Extension, 
see  Exhibit  47-7,  be  Inspected  for  physical  condition.  The  results  of  this 
inspection  could  serve  as  an  indicator  of  other  mains  of  similar  age  and 
materi£LL. 

The  final  decision  for  replacement  or  cement  lining  the  aforementioned 
mains  should  be  based  on  a  field  inspection  of  a  portion  of  the  main  as 
previously  recommended  for  those  mains  crossing  the  turnpike,  coupled  with 
hydraulic  tests  to  determine  their  physical  condition  and  hydraulic 
capacities.  It  is  strongly  recommended  that  the  final  decision  should 
also  be  based  on  a  complete  study  of  the  arterial  system,  vhen  planning  for 
all  GNBP  Areas  is  available. 

Estimated  Costs  for  Replacement  and  Restoration  of  Mains;  A  tabulation 
of  mains,  previously  selected  for  replacement  or  restoration  by  the  prelimineuy 
hydraulic  analysis  in  the  section  entitled  "Evaluation  of  Existing  Mains," 
is  presented  hereafter,  together  with  estimated  costs.  These  costs  consider 
entirely  new  appurtenances  on  mains  to  be  replaced,  partial  replacement  of 
appurteneuaces  on  mains  to  be  cleaned  and  cement  lined,  and  a  factor  of  21 
percent  for  engineering,  contingencies,  and  construction  cost  increases. 
These  costs  are  presented  to  serve  as  a  guide  in  preliminary  planning  and  as 
GUI  aid  in  establishing  costs  for  the  development  program. 
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SKT.E(?I'KI)  MAINS 

ESTIMATED  COSTS 

OF  RKPLACMENT  AND  RESTORATION 

Cost  of  Re- 
placement 
with  New 
Main 

' 

Size 

Service 

Year 
Estab- 
lished 

Length 

Location 

Cost  of 
Cleaning 
and  Cement 
Lining 

16" 

L.S. 

1872-1887 

2000' 

Exeter  St. 

$  70,000 

$20,000 

ho" 

L.S. 

1859 

5000 ' 

Beacon  St. 

$lt-30,000 

$60,000 

gV 

L.S. 

1883 

2700 ' 

Massachusetts  Ave. 

$130,000 

$30,000 

20" 

H.S. 

1889 

3300' 

Huntington  Ave.) 
Boylston  St.   ) 

$1?0,000 

$40,000 

k2" 

H.S. 

1895 

3100' 

Huntington  Ave.) 
Nevbury  St.    ) 

$280,000 

$1*0,000 

I 

CONCLUSIONS 

In  summary  on  the  basis  of  available  infoimatioa,  it  appears  that 
several  conclusions  can  be  drawn. 

It  is  concluded  that: 

a.  The  Metropolitan  District  Commission  supply  mains  are  considered  to 
be  fully  adequate  in  capacity  to  satisfy  present  demands. 

b.  The  City  of  Boston  distribution  system  in  the  Back  Bay  Area,  appears 
to  be  generally  sound  structurally,  and  adequate  in  capacity  for  present 
demands,  including  fire  protection  and  pressure  requirements;  however,  several 
components  of  the  system  have  apparent  deficiencies  that  can  be  remedied  by 
replacement  or  rehabilitation. 

c.  The  following  conclusions  were  used  as  the  basis,  in  the  preliminary 
analysis  of  the  distribution  system  in  Back  Bay,  for  considering  mains  for 
replacement  and  rehabilitation: 

1.  The  economic  useful  life  of  water  mains  Is  estimated  to 
be  100  years. 
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2.  The  useful  life  of  the  distribution  system  should  be 
extended  at  least  20  years  to  be  compatible  vith 
construction  of  new  pavements. 

3.  The  Prudential  Center  Project  increases  domestic  and 
fire  demands  in  the  Area. 

k.     The  "C"  values  from  the  Hazen- Williams  predicted  average 
trend  are  the  most  reliable  means  presently  available 
for  determining  coefficients  for  mains  in  the  Boston 
distribution  system, 
d.  Final  determination  of  adequacy  and  condition  must  be  made  based 
upon  future  land  use  plems  in  the  Back  Bay  and  other  GNRP  Areas,  hydraulic 
tests  and  field  inspections  to  determine  the  physical  condition  and 
hydraulic  capacities,  and  a  coniplete  study  of  the  eurterlal  system.  However, 
some  of  the  deficiencies  apparent  in  components  of  the  systems  are: 

1.  Considerable  tuberculation  exists  in  the  older  and  smaller 
distribution  mains  and  to  a  lesser  extent  in  the  larger 
sized  distribution  and  supply  mains. 

2.  A  high  incidence  of  failures,  in  Boylston  Street  and 
Huntington  Avenue. 

3.  The  16  inch  low  service  main  in  Exeter  Street  may  be  in 
need  of  rehabilitation  to  adequately  meet  present  demands. 

k»     The  condition  of  the  kO   inch  low  service  main  in  Beacon 
Street  is  questionable,  due  to  its  age. 
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5.  The  2h  inch  low  service  main  in  Massachusetts  Avenue 

may  be  in  need  of  rehabilitation  due  to  reduced  capacity. 

6*  The  20  inch  high  service  m£d.n  in  Huntington  Avenue  and 
Boylston  Street  may  be  in  need  of  rehabilitation  due 
to  reduced  capacity. 

7*  The  k2   inch  high  service  main  in  Huntington  Avenue  and 
Nevbviry  Street  requires  special  evaluation  due  to  its 
prime  importance  in  maintaining  high  service  pressure 
and  supply  to  City  Proper. 

e.  Main  failure  records  in  this  and  other  previously  investigated 
C9IHP  Areas  indicate  that  generally  mains  l6  inches  and  larger, and  all  mains 
laid  after  1930 >  are  stiructurally  sound  and  that  the  frequency  of  failure 
is  greater  in  the  high  pressure  service  than  in  the  low  pressure  service. 

f.  Analysis  of  Metropolit€in  District  Commission  water  indicates  that 

it  has  a  relatively  high  degree  of  corrosiveness,  and  unlined  cast  iron  mains 
in  the  Boston  System  may  have  a  shorter  useful  life  than  is  indicated  by  the 
Hazen-WiUiams  predicted  average  trend. 

g.  The  results  of  field  tests  to  be  conducted  in  the  South  End  Project 
Area,  and  an  inspection  of  mains  exposed  during  construction  of  the 
Massachusetts  TumpU^e,  together  with  studies  of  other  available  data,  in  all 
GNRP  Ax*ea8  will  provide  data  for  re- evaluation  from  which  additional  conclu- 
sions m£ty  be  drawn  regarding  adequacy  and  condition  of  the  system. 
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h.  Additional  fire  flow  tests  are  necessary  to  accurately  determine 
the  fire  protection  available  in  areas  served  by  the  high  service  system 
and  portions  of  the  low  service  system. 
RECOMMENDATIONS 

In  summary,  on  the  basis  of  available  information,  it  appears  that  the 
best  interests  of  the  Development  Program  will  be  served  by  the  following 
recommendations : 

It  1b  recoonnended  that: 

a.  The  National  Board  of  Fire  Underwriters  be  requested  to  undertake 
studies,  and  report  on  the  fire  protection  facilities  of  the  City  as  a  whole. 

b.  Consideration  be  given  to  the  NBFU  recommendation  &s   set  forth  in 
their  Report  of  May  1951*  The  major  recommendations  being,  "that  a  conrplete 
study  be  made  of  the  arterial  system  euid  of  the  deterioration  in  carrying 
capacity,  including  minor  distributors."  This  recommendation  was  deemed  of 
most  Importance  by  the  NBFU  and  urged  for  early  adoption. 

c.  Consideration  be  given  to  a  field  inspection  of  portions  of  those 
mains  to  be  exposed  during  the  construction  of  the  Massachusetts  Turnpike 
Extension.  The  results  of  this  program  could  provide  sound  data  to  serve 
as  a  basis  for  determining  the  physical  condition  of  these  and  other  mains 
in  the  Boston  System. 

d.  Consideration  be  given  to  replacement  or  deeming  and  lining  of 
every  main  installed  before  1900>  especially  those  located  in  streets  to  be 
reconstructed.  The  final  decision  should  be  based  upon  a  field  insx>ection 
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of  a  portion  of  the  main,  -vdiere  possible,  coupled  with  hydraulic  tests, 
to  detezmine  its  physical  condition  and  hydraulic  cap£u:ities.  Several 
mains  to  be  included  for  consideration  are  listed  previously  in  the 
conclusions. 

e.  In  conjunction  with  the  above  recamnendation,  it  is  strongly 
recconnended  that  city  of  Boston  transmission  mains  in  the  Back  Bay  Area 
be  evalviated  for  future  adequacy  by  an  overall  study  of  the  arterial 
system  vfaen  more  detailed  planning  for  other  GNHP  Areas  is  available. 

f .  Consideration  be  given  to  initiation  of  a  con^irehensive  program 
involving  analysis  of  the  hydraulics  of  the  systems  through  the  use  of 
modem  engineering  techniques,  such  as  the  Mcllroy  Analysis.  This 
program  vould  provide  the  Authority  with  sound  engineering  data  to  serve 
as  a  basis  for  optimum,  economical  modification  of  the  supply  and  distri- 
bution mains  as  necessitated  by  the  Redevelopment  Program.  In  addition, 
it  could  became  a  continuing  program  that  could  ultimately  be  adopted  by 
the  City  vith  highly  beneficieil  short  and  long  range  results,  including 
major  economies  'vdilch  have  been  proven  in  comparable  cities  in  recent  years. 
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LEGEND 

•  I  GNRP    BOUNDARY 
II  PROPOSED    EXPRESSWAY 
1]  /-RCA    SFRVEf'    BY  GRIDIRON 
J      Of    HIGH    SfRVlCF    VANS 

-  HIGH    SERVICE 

-  Li^W     SERVICE 

-  CHaIJGl    \U   size   OR  YEAR 

main  failurt  1954-1962 

8"=  size  of  main 

l.s.=  low  service 

h.s.=high  service 

c=  circumferential  failure 

l=  longitudinal  failure 

j  =  j01nt  leak 
fire  flow  test 

s=  static  pressure  at  test 

HYDRANT 
12"=SIZE   OF  MAIN  TO  FLOWING 

HYDRANT 
Q=QUANITY   AVAILABLE    G.P.M. 

AT    20    PS  I. 
▼  =N  B-FU.   REPORT    NO.   I 
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POLICE  SIC-KAL  SYSTS.I 
niTRODUCTION 

The  Boston  Police  Department,  under  the  supervision  of  Police  Com- 
Eiissioner,  Edmund  McKamara,  in  addition  to  the  various  subdivisions  of  its 
acninistrative  organization,  is  divided  into  15  land  areas  and  one  vater 
area  called  Divisions.  Each  Division  has  its  oim  station.  These  Divisions 
are  under  the  general  supervision  of  the  Superintendent  of  Police  and  the 
direct  control  of  Division  Captains.  The  Department  is  presently  under- 
going an  extensive  reorganization.  The  reorganized  Police  Department  tri.ll 
consist  of  fever  Divisions  covering  larger  land  areas. 

An  integral  part  of  the  vorliing  cciuponents  of  the  Police  Department  is 
the  Police  Signal  System.  It  is  under  the  supervision  of  the  Director  of 
Signal  Service,  i-Ir.  William  I'lalone,  \±.o   is  responsible  to  the  Police 
Comaissicner.  That  portion  of  the  Signal  System  -vrith  which  this  report  is 
primarily  concerned  is  the  signal  box  system. 
EXISTING  SYSTEM 
General 

The  function  of  the  signal  box  system,  first  introduced  into  Boston  in 
the  late  l880's  is  to  provide  voice  commi;inication  between  the  police  officer 
and  the  police  station.  The  system  is  essentially  subdivided  into  15  par'bs, 
each  of  which  corresponds  i-rith  and  is  a  part  of  its  respective  Police  Division. 
The  police  signal  system  also  provides  a  direct  communication  system  between 
each  Division  Station  House  and  between  each  Station  House  and  Police  Head- 
quarters on  Berkeley  Street. 
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Each  Divisiorx  has  a  s-witchboard  td-th.  the  niaabers  of  ail  the  boxes  in 
that  Division  listed^  and  a  direct  connection  to  Central  Headquarters.  Tlie 
Division  has  an  independent  system  of  signal  cables  called  a  division  circuit. 
Each  signal  box  operates  on  a  separate  circuit;  the  total  number  of  box 
circuits  constitutes  the  division  circuit.  The  signal  system  in  each 
Division  is  connected  directly  to  the  Division  Station  House.  Boxes  located 
on  division  boundaries  nay  be 'dual  boxes ;,  connected  into  tvo  Division 
Stations.  Dual  boxes  are  equipped  mth  a  sivitch  that  allows  selection  of 
the  desired  circuit. 

Police  officers  on  a  route  are  required  to  call  the  Station  House  at 
regular  intervals  and  to  answer  all  calls  from  the  Station  House  vhen  the 
signal  light  on  the  box  indicates  a  call.  In  addition,  the  patrolman  uses 
the  signal  box  to  repcxt;  any  emergency.  All  police  officers  have  a  key 
vhich  is  used  to  open  the  signal  box  before  a  call  can  be  made.  Keys  are 
also  made  available  for  I-IlTA  starters  and  guards,  banlc  guards  and  other 
responsible  persons  for  use  in  ei:i3rgencies. 

The  signal  box  circuit  is  a  24  volt,  battery  operated  system.  These 
batteries  are  located  at  the  Station  House  of  each  Division. 

The  signal  box  system  has  been  laid  out  on  a  rational  basis.  Boxes 
are  located  at  squares,  intersections,  and  habitual  trouble  spots.  Kew  or 
additional  boxes  are  installed  by  order  of  the  Director  of  Signal  Service 
upon  request  from  Division  Captains. 

The  police  radio  system  is  auxiliary  to  the  signal  box  system.  Radio 
communication  is  possible  between  vehicles  and  police  headquarters,  but  not 
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division  stations.  Emergency  calls  to  police  are  received  at  headquarters, 
and  police  in  cars  are  dispatCiied  to  the  scene  "by  radio.  They  report  bacis: 
oy  the  signal  boic  system.  Ther-e  are  several  reasons  for  this  procedure, 
not  the  least  of  -v^.ich  is  the  fact  that  the  Federal  Coianunications  Corals - 
sion  rigidly  regulates  the  use  of  radio.  Although  the  radio  system  itself 
is  not  pertinent  to  this  report,  its  use  has  been  discussed  to  emphasize 
that  radio  is  not  a  substitute  for  the  signal  box  system. 
Back  Bay  GliRP  Area 

The  Back  Bay  GITEP  Area  lies  entirely  mthin  Police  Division  l6.  Most 
of  the  police  signal  cable  is  in  underground  conduit  ovned  by  the  Kew 
England  Telephone  and  Telegraph  Company,  but  \diere  telephone  conduit  is  not 
in  the  necessary  location,  the  cable  is  in  underground  conduit  ovjned  and 
maintained  by  the  Boston  Fire  Department..  The  complete  inventory  of  cond^oit 
and  its  o-^mership  is  shovra.  on  Exhibit  ^T-3» 

The  cable  used  in  the  system  is  of  various  sizes :  the  smallest  contain- 
ing 11  pairs  of  conductors  and  the  largest,  6l  pairs.  The  cable  is  ccnrnosed 
of  copper  conductors,  individually  \rrapped  in  paper  insulation,  and  all 
encased  in  a  l/S  inch  lead  shell.  Paper  insulated  conductors  are  the  best 
for  voice  conmimication.  Kew  cable  -vras  installed  in  the  entire  system  in 
the  late  1930' s. 

Interviews  mth  principals  of  the  signal  service  indicate  that  the 
■police  signal  system  is  in  good  condition  and  is  adequate  in  that  it  ac- 
complishes the  purposes  for  which  it  was  designed.  It  is  apparent  from  dis- 
cussions that  there  could  be  significant  savings  in  manpower  and  a  higher 
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degree  of  coinauni cations  efficiency  if  the  present  system  vera  modified. 
There  are^  hoirever,  no  plans  available  at  present  proposing  modification 
of  the  existing  systems. 

Normal  maintenaxice  is  carried  on  "by  the  signal  service  at  all  times 
and  repairs  are  accomplished  as  necessary.  Budgetary  restrictions  limit 
the  size  of  the  maintenance  force.  This  precludes  a  regular  program  for 
testing  of  the  circuits. 
CaiCLUSIOKS  MD  REC0MffiI©A3}I0NS 

In  s-urj3=.ry,  on  the  basis  of  available  information,  it  appears  that  the 
police  signal  system  is  adequate  to  accomplish  the  purpose  for  Tiiich  it  vas 
designed.  The  general  condition  of  the  system  is  good. 

At  such  time  as  advanced  planning  is  available,  it  is  recommended  that 
the  Authority,  in  conjunction  mth  the  Director  of  Signal  Service,  take  into 
consideration  the  feasibility  of  modifications  to  the  system  consonant  i^rith 
the  objectives  of  the  signal  service  and  the  Boston  Development  Program. 

It  should  be  noted  that  this  Interim  Report  dees  not  reflect  any 
effect  on  the  police  signal  service  of  the  concl^i3ions  and/ or  recommendations 
from  the  recently  released  so-called  "Quinn-Tamm  Report"  on  the  Boston 
Police  Denartment. 
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FIRE^  ALAPIv!  SYSTE-: 

i.._:.:.jucu?iON 

!I!lie  City  of  Boston  Fire  Department  is  under  the  supervision  of  a 
Fire  CoEEiissioner,  Fire  Chief,  Deputy  Chiefs  and  District  Chiefs.  The 
i'ire  alaru  systen  in  Boston  is  adrninistered  by  the  Fire  Alarm  Division 
cf  the  Fire  Department  i;inder  the  general  supervision  of  Fire  Conrnissioner 
Thomas  J.  Griff en,  mth  Albert  L.  O'Banion,  Superintendent  in  direct 
ciiarge.  Mr.  Earl  F.  Lyons  is  Assistant  Superintendent  and  is  in  charge 
of  construction  and  maintenance  for  the  system. 

Tne  fix-st  electrically  operated  fire  alara  sysoo—  _. ..  -.:d.stence  vas 
put  into  service  in  Boston  on  April  28,  I852,  covering  South  Boston  and 
the  city  proper  as  it  e:d.sted  at  that  tine.  Subsequently,  alarm  systems 
•;-7ere  put  into  service  or  added  to  the  Boston  system  in  East  Boston  in 
186^,  Roxbury  in  1853,  Dorchester  in  1870,  and  Chai-lesto-.m.,  West  Roxbury, 
and  Brighton  in  187^-.  The  last  significant  addition  to  the  fire  alarm 
system  came  in  1912  TJhen  the  1!o\-ra   of  Plyde  Park,  including  its  alarm  system, 
^.v-as  annexed  by  Boston. 

The  National  Board  of  Fire  UndeCT'oriters  in  their  "Standard  for  the 
Installation,  I-Iaintenance  and  Use  of  Municipal  Fire  AJLara  Systems"  (KBFU 
No.  73)  describes  a  municipsJ.  fire  alarm  system  as  "...an  electrically 
operated  raeans  of  notifying  a  fire  department  that  a  fire  has  occurred." 
The  Standard  further  describes  a  ccsrplete  municipal  fire  alarm  system  as 
one  that  "...fulfills  two  functions,  -chat  of  receiving  alarms  from  the 
public  through  fire  alarm  boxes  located  on  the  street  and  that  of  transmitting 
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the  alajna  to  those  fire  conipanies  -S'Thich  slioulc.        to  the  energency." 
rluncipal  fire  alarm  systems  also  have  facilities  for  z-eceiving  alarms 
from  persons  using  telephones,  and  facilities  for  informing  other  interested 
parties,  such  as  the  police  department,  -vrater  department,  hospitals,  and 
others  of  an  existing  ilire  or  emergency. 

A  fire  alarin  system  is  an  essential  element  in  the  fire  defeases  of 
a  city.  Any  system  regardless  of  type,  must  have  the  prime  requisites  of 
accessibility,  speed  of  transmission  and  reliability.  It  is  of  interest 
to  note  that  the  National  Board  of  Fire  Undervrriters  in  their  Grading 
Schedule  based  on  many  years  of  stuc^j'"  mth  reference  to  the  fire  defenses 
and  physical  cc-iditions  of  a  municipality,  considers  the  relative  value 
of  a  Fire  Alarm  System  to  be  11  out  of  a  possible  100  percent. 
E>T:STDfC-  SYSTSI^ 
G^eneral 

The  present  Boston  Fire  Aiarm  System  is  a  Type  A  (l-Ianual  Retransmission) 
system,  xrith  the  exception  of  Long  Island  -j^hich,  due  to  inaccessability,  is 
a  Type  B  (Autoaatic  Retransmission)  system.  The  Tj^-pe  A  system  requii^s  an 
operator  at  the  Fire  Alarm  Headquarters  to  check  the  receipt  of  alarms  and 
to  retransmit  all  alarms  to  fire  stations  and,  if  used,  to  outside  sounding 
devices.  The  Type  B  system  is  "automatic"  as  implied. 
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Boston's        i.ysteEL,  soEie'c:-  ;he  "Gamevrell" manual  type 

system,  vas  pl£,ccd  in  service  in  192p  ■        .fications  to  the  si-ritchboard 
installed  in.  193^«  'Ehe  receiving  and  •:       .ing  apparatus  _,  including 

ittery-power  soui'ce,  is  located  i:^      ;.ana  Headquarters  at  59  Femray, 
opposite  Uestland  Avenue.  The  building  was  constructed  in  192^,  especially 
for  this  purpose. 

All  fire  alariH  boxes  are  connected  to  Fire  Alarm  Headquarters  through 
box  circuits.  There  are  S'k  box  circuits  mth  approximately  20-25  boxes  on 
each  circuit.  The  circuits,  normally  closed,  open  when  a  box  is  pulled  and 
a  signal  is  received  at  Fire  Alarm  Headquarters.  Cperators  at  Headquarters, 
after  receiving  the  signal  froa  the  box  circuit,  transiait  the  alarra  to  all 
interested  parties  through  so-called  alam  circuits.  Alarm  circuits  are 
divided  irrco  three  categories:  primary,  secondary,  and  local,  each  of  vhich 
has  its  o\ra  power  source.  The  primary  system  consists  of  19  circuits  connect- 
ing Headquarters  to  the  fire  houses,  plus  two  local  circuits  at  Headquarters 
mailing  a  total  of  21  primary  circuits.  The  secondary  system  consists  of  l6 
circuits  connecting  Headquarters  \r±th   fire  houses  and  police  stations.  The 
ten  or  more  local  circuits  are  mostly  for  operating  registers,  time  stamps, 
and  other  instruments  at  Headquarters.  In  addition,  from  Headquarters  there 
ere  9  mutual  aid  circuits  connecting  to  fire  department  headquarters  in  the 
adjacent  cities  and  toims,  one  circuit  connecting  to  the  High  Pressure  Fire 
Service  pumping  statior^,  one  circuit  connecting  to  the  City  Hospital,  one 
circuit  connecting  to  the  Sumner  and  Callahan  Tinmels  and  circuits  connecting 
to  the  City  Water  Department  and  City  Hall. 


In  Eiany  cases,  private  or  au:d.liary  alarm  boxes  are  installed  in 
b-oildiiiGSj  such,  as  schools,  office  buildings,  stores,  etc.j  ho-vrevar,  these 
c>i-e  not  the  responsibility  of  the  Fire  Alarm  Division  of  the  Boston  Fire 
rspartment.  Shese  private  or  auxiliary  cables  and  boxes  are  installed, 
Eiaintained,  and  tested  by  others . 

ihere  are  t-vro  private  companies  iThich  receive  cilarcis  transmitted  at 
?ire  Alarm  Headquarters  -  Boston  Autcoiatic  Fire  Alara  Conipariy  and  Aaierican 
District  Telegraph  CoEpaijy.  These  companies  install  and  maintain  their 
ovn  circuits  and  provide  potrer  for  operation.  Their  circuits  are  installed 
in  conduit  leased  from  the  telephone  company  and  are  connected  through  a 
relay  to  a  fire  house  in  the  vicinity  of  their  o\Ta   offices. 

The  Fire  Patrol  is  an  insurance  coiipany-supported  organization  that 
receives  alancs  from  Fire  Alarm  Headquarters  tiarough  primary  and  secondary 
circuits.  The  circuits  are  o;m.ed  and  maintained  by  the  Fire  Ifepartment; 
hoa-raver,  the  receiving  instnjments  are  not  supplied  by  the  Fire  Department. 
IntervieT'Ts  and  Reports 

Interviews  mth  principals  of  the  Fire  Alam  Division  indicate  that, 
mthin  the  present  budget  restrictions,  the  eicisting  fire  alarm  system  is 
considered  to  be  entirely  adequate.  It  is  apparent  frou  discussions  and 
a  raviev  of  the  "Report  to  the  City  of  Boston  by.  the  National  Board  of 
Fire  Undervrriters"  of  May  1951^  that  the  present  system  could  be  impx-oved 
'irere  additional  funds  available;  hoirever,  no  major  changes  in  the  system 
are  in  process  or  ar-a  contemplated. 

Conclusions  in  the  K3FU  Report  indicate  that  the  "system  is  of  proper 
type  and  has  sufficient  provisions  for  future  groirth,"  and  that  "...part  of 
the  cables  are,  in  only  fair  condition." 
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Back  Bay  GHRP  Area 

Fire  alarm  cable  in  this  Area  is  entirely  in  xmderground  condtiits. 
Most  of  the  undersrooid  cable  is  carried  in  telephone  conrpany  conduit. 
Ilovever,  the  Boston  Fire  Department  does  o\m  and  maintain  its  o\ra  man- 
.  ...3  and  underground  conduit  in  instances  vhere  utility  facilities  are 
aot  available.  The  complete  inventory  of  conduit  and  its  ovTiership  is 
sho-^v-n  on  Exhibit  4T-3<> 

Fire  alam  cable  is  of  two  types,  lead  encased  and  polyvini'"l- chloride 
encased.  The  cables  vary  in  size  from  h   conductor  to  91  conductor.  In 
general,  all  cable  placed  in  the  past  fifteen  years  is  polyethylene  insulated,. 
poly\''inyl- chloride  encased;  prior  to  that,  lead  encased  cable  v-as  used 
exclusively.  The  average  life  e>rpectancy  of  the  lead  type  is  about  fifty 
years,  but  the  pciyv^inyl- chloride  type  can  be  expected  to  last  at  least 
eighty  years »  However,  cable  life  is  affecced  "oj   local  conditions,  and 
onl^r  testing  or  inspection  can  determine  its  condition. 

The  condition  of  the  cables  in  the  conduits  can  be  checked  by  taking 
electrical  resistance  readings  and  by  other  methods;  hovever,  because  of 
the  e:cpense  involved,  the  Division  usually  depends  on  visual  inspection 
and  replaces  cables  only  when  they  ground  out  or  other'.-n.se  fail.  Grounded 
circuits  can  be  detected  from  headquarters  dj   observation  of  voltage.  Kor- 
:.-^l  testing,  repairs,  and  maintenance  of  the  system  are  required  and  are 
carried  on  constantly. 
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CCS^CLUSIOiTS  ATnTD  EECCI.BISJijDAiriOIIS 

In  sucnaa-y,  on  the  basis  of  available  inforiaation^  it        that  the 
fire  alara  systeia  is  entirely  adequate  fo::       ;ant  requirements  of  the 
Fire  Department.  However,  additic  ;:,re  required. 

At  such  time  as  advanced  planning  is        .;  it  is  recoKEiended  that 

-uthority  in  conjunction  -vrith  the  fire  alaria  divisio.i  of  the  fire 
dc^:..rtiaent,  consider  modification  of  the  system  consonant  i/ith  the  objectives 
of  the  fire  department  and  the  Boston  DevelopEent  Progi'am. 

It  is  recommended  that  planning  tal-ie  into  consideration  the  policy 
of  the  fire  alarjn  division  requiring  that  the  relocation  of;,  or  revisions 
to  J  box  circuits  or  alaria  circuits  nust  ba  conipleted,  and  the  circuits 
j.ting  correctly,  before  the  ezcLstin^  circuits  can  be  talcen  out  of 


-s.es 


Matropolitan  Lu^^^i^.i  ^3  one  only  ts^-Oh  i::i  o.-.e  oni-ue-^  6-oax.es  having 
an  integrated  mass  transportation  service  that  extends  to  13  cities  and 
-■  —  -•:  be;/-ond  the  core  city. 

'~:~'  'A   transit  facilities^  an  CLVcgro-v.xa  ox'  "cne  iiorsecar  ana  stree'O 
::  -     ,  1":5.  their  beginning  in  the  Boston  Area  in  I889,  when  the  first 
eieccric  car  line  ^-ras  constracted  from  Boston  to  Providence.  In  I897, 
the  first  sub-sray  for  trolley  cars  v&s   built  under  Cremont  Street.  T'he 
construction  of  the  Boston  Elevated  Railroad,  beginning  in  19OI  along 
Atl^.itic  Avenue,  \^s   extended  through  the  years  to  outlying  points  in 
the  Ketropolitaji  i^rea. 

The  Metropolitan  Trans io  .-.uc.cc'i^y  U'-^'a)  was  established  by  Chapter 
5^4,  of  the  Acts  of  19^Tj  which  incorporated  the  system  then  knovna  as 
the  Boston  Elevated  Street  Railway  Coiapany.  Two  years  later,  in  August 
19^-9 J  the  Boston  Transit  Department  also  becaz.e  a  part  of  the  112 A. 
SXISTIl\iG  SYSTEIJ 
General 

This  report  is  concerned  priiaarily  \rith  the  location  of  the  operating 
"crackage,  terminals,  appurtenant  facilities,  and  other  applicable  portions 
of  the  phjrsical  plant  of  the  I-EA  system. 

Rapid  transit  trains,  high  speed  trolley  cars,  and  traclcless  trolleys 
operating  in  tunnels,  at  ground  level,  and  on  elevated  structures  cciiprise 


the  nucleus  of  the  transportation  system.        :-sion  of  the  physical 
layout  of  the  system  involves ,  essentially,  the  use  of  a  system  of  tunnels 
and  elevsited  structures  in  areas  of  greater  congestion  and  the  use  of 
surface  trackage  in  the  more  suburban,  or  ou/cir,  areas  of  coverage.  An 
extensive  system  of  bus  routes  conrplements  the  electrically  po^rered  portion 
of  the  system. 

Electrical  poirar  for  operating  the  transportation  system,  is  produced 
at  tvo  poi'/er  stations :  Lincoln  Power  Station,  located  on  Lincoln  ¥narf , 
off  Coamercial  Street,  in  the  Korth  End  of  Boston,  and  the  South  Boston 
Poirer  Station,  located  on  "0"  Street,  near  Eas-fi^First  Street  in  South  Boston. 
The  pover  -produced  at  these  stations  is  transnitted  via  underground  cables 
as  alternating  current  (l3^2C0  volts,  25  cycles)  to  23  substations  >ihich 
rectify  this  poijer  and  distribute  it  as  direct  current  (600  volts)  through 
a  system  of  underground  conduits.  All  rapid  transit  trains,  trolley  cars, 
azid  trackless  trolleys  are  operated  from  direct  current. 

The  MTA  owns  and  maintains  for  its  exclusive  use  all  cable,  conduit, 
ducts,  and  manholes.  The  Boston  Edison  Company  and  the  MTA  have  a  "tie-in" 
arrajagement  to  permit  poi^rer  transfers  to  aid  one  another  during  peak  hours 
and  in  case  of  emergency. 

The  "Report  of  the  Joint  Special  Legislative  Committee  on  Transportation," 
dated  January  30,  19o2,  indicates  that  a  serious  poirer  generating  problem 
exists  v/ithin  the  Metropolitan  Transit  Authority^  The  Boston  Edison  Cojapany 
has  submitted  to  the  IISA  a  proposal  for  the  purchase  of  the  power  plants 
and  for  the  sale  of  power  to  the  Metropolitan  Transit  Authority.  Engineering 
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reports  agree  that  the  I-ITA  ccl:  :o\rer  from  Sestet 

riore  econoraically  than,  it  can        Its  o-vm  po^'er,  anti  \;hat  \     .  ;!- 

-.rould  hold  true  for  a  25  year  par       ::■  the  ternis  of  a  contract 
proposed  Idjt  the  Boston  .Edison  Company.  The  Boston  Edison  CoapEiny  wo^ild 
produce  and  transinit  the  poirer  to  the  substations  fron  which  point  the  tSPA 
\;ould  continue  to  handle  the  conversion  to  d.c.  and  the  distribution  for 
its  O'^m  use. 

The  proposal  made  by  Boston  Edison  Conpany  tras  not  entirely  ac- 
ceptable to  the  LZTA,  and  counter-proposals  -vrere  iJiade  by  -ijhe  Authority. 
■Z.ie  legislative  report  indicates  that  selling  its  povrer  plants  to,  and 
purchasing  power  from  Boston  Edison  for  its  operation,  is  a  sound  plan 
for  the  MTA,  and  strongly  suggests  that  negotiations  between  the  two 
cosrpanies  be  carried  on  in  an.  effort  to  reach  a  fruitful  conclusion. 
Back  Bay  C-IJTv?  Area 

The  schematic  location  of  trackage,  stations,  sJid  branches  of  the 
systo-.^-  in  the  Back  Bay  GMP  Area  is  shown  on  Sixhibit  47-8.  In  addition  to 
uhe  transit  lines  sho\ni  thereon,  the  system  consists  of  a  large  neti-rork  of 
power  cables  in  xmderground  conduit  for  the  transnission  and  distribution 
of  poTf^er,  and  the  Kewbiiry  Power  Substation.  Electrically  powered  surface 
cars  are  no  longer  in  use  in  this  Area. 

tZPA  facilities  in  the  Back  Bay  GNRP  Area  coarprise,  for  the  most  part, 
bus  lines,  and  the  subways  under  Boyiston  Street  and  Eimtington  Avenue; 
five  subway  stations  are  located  mthin  the  Area, 


TI:3  3oylston  Street  Subway  Is  pe;. 

,^1'ound  systen.  Pour  i  -s,   Huntington  Avc--nas^ 

i^:.-:       -i   Riverside;,  aue,  "branch  off  this  tube. 

It  is  in  fact,  the  principal  artery  to  the  west  and  southwest  of  Boston. 

Exhibit  47-8  also  indicates ,  for  each- subway  station,  the  appro:d.- 
■lats  volume  of  one--(;ay  traffic  admitted  at  the  respective  stations  on 

-ber  7,  i960.  This  inforiaation  -vras  taken  from  the  "Reporo  of  the 
Joint  Special  Legislative  Cosmitt^e  on  Transportation,'  January  1960^ 
and  is  presented  as  an  indication  of  the  relative  ijrrportance  of  the 
stations  '.Tith  respect  to  their  use. 

The  substation  and  a  great  deal  of  poirar  cable  reiaain  in  use  even 
though  all  surface  vehicles  are  gas  or  diesel  pov/ered.  The  cables  in  this 
case  act  primarily  as  transmission  lines  to  Ilewbury  Substation,  cxid.  distri- 
bution lines  to  the  subways.  Exhibit  47-3  indicates  all  l^iTA  conduit,  in- 
cluding the  number  of  ducts,  and  distinguishes  between  the  conduits  containing 
"live"  cable  and  that  ^daich  is  abandoned. 
CONCLUSIONS 

In  su.v-.':ary,  on  the  basis  of  available  information, '  it  appears  that  the 
adequacy  of  WSA  facilities  cannot  be  assessed  at  this  time.  The  conclusions 
that  can  be  reached  based  on  the  preceding  evaluation  of  the  system  are  that: 
Buses  are  the  only  form  of  LfTA  surface  transit  in  use  in  this  area.  Extensive 
changes  to  the  KTA  must  be  anticipated  in  the  next  few  years. 


It  is  rec       \  that  abandoned  facilities  te  rer       --adevelop- 

:,reas  an:^       listing  facilitie..  11  consideration  in 

jlopnent  planning. 

It  is  f-oxther  reco2Hn.ended  that  cc.  3  given  in  future  plemning 

to  the  conteniplated  studies  oi  i-tation  Cc2ixuission.  In 

connection  there^ath,  attention  should  be  directed  to  the  several  ^ports, 
studies,  and  the  futire  planning  which  has  heen  undertaken  to  date  hy  the 
I-ZTA  and  other  interested  agencies. 
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liaterial  for  this  report  has  been  de- 
rived fron  various  sources.  Maiiy  of 
these  references  and  reports  vere  ac- 
quired fron,  or  through  the  coopera- 
tion of,  the  various  agencies  intervie\-red. 
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